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1 Project Management 

1.1 Project/Task Organization 
This subsection outlines the individuals directly involved with the Eka 
Chemicals, Inc. (Eka) project and their specific responsibilities. Communication 
lines are shown in the Project Organization Chart (Figure 1-1). 

1.1.1 United States Environmental Protection Agency, Region 10, 
Task Monitor 

The United States Environmental Protection Agency (EPA) Task Monitor (TM) is 
the overall coordinator of the project and decision maker. The TM reviews and 
approves the site-specific sampling and quality assurance plan (SQAP) and 
subsequent revisions in terms of project scope, objectives, and schedules, The 
TM ensures site-specific SQAP implementation and is the primary point of 
contact for project problem resolution and has approving authority for the project. 

1.1.2 EPA Region 10 Quality Assurance Officer 
The EPA Region 10 Quality Assurance (QA) Officer reviews and approves the 
site-specific SQAP and revisions in terms of QA aspects and may conduct 
assessments of field activities. 

1.1.3 EPA, Region 10, Regional Sample Control Coordinator 
The EPA Regional Sample Control Coordinator (RSCC) coordinates sample 
analyses performed through the EPA Contract Laboratory Program (CLP) or the 
EPA Region 10 Manchester Environmental Laboratory (MEL) or both and 
provides sample identification numbers. 

1.1.4 Ecology & Environment Inc. Superfund Technical Assessment 
and Response Team-3 Project Manager 

The Ecology & Environment Inc. (E & E) Superfund Technical Assessment and 
Response Team (START)-3 PM provides overall coordination of field work and 
provides oversight during the preparation of the site-specific SQAP. The PM 
implements the final approved version of the site-specific SQAP and records any 
deviations and acts as the primary contact point with the EPA TM. The PM 
receives CLP/EPA Region 10 laboratory information from the RSCC, acts as 
primary START-3 point of contact for technical problems, and is responsible for 
the execution of decisions and courses of action deemed appropriate by the TM. 
In the absence ofthe START-3 PM, a START-3 site manager will assume the 
PM's responsibilities. 

10:\STARTDOO08050005\S1244 1-1 
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1.1.5 E & E START-3 Quality Assurance Officer 
The Quality Assurance Officer (QAO) reviews and approves the site-specific 
SQAP, conducts in-house audits of field operations, and is responsible for 
auditing and reviewing the field activities and final deliverables and proposing 
corrective action, ifnecessary, for nonconformities. 

1.1.6 E & E START-3 Program Manager and EPA Project Officer 
The Project Officer (PO) is responsible for coordinating resources requested by 
the TM for this project and for the overall execution of the START-3 program. 

1.2 Problem Definition/Background 
Pursuant to EPA START-3 Contract Number EP-S7-06-02 and Technical 
Direction Document (TDD) Number 08-05-0005, E & E will perform a Site 
Inspection (SI) at the Eka site, which is located near Moses Lake, Washington. . 
The SI wUl consist of limited sampling at potential contaminant source and target 
areas for site characterization purposes. This document outlines the technical and 
analytical approaches E&E will employ during SI field work. This document is 
a combined field operations work plan (FOWP) and site-specific quality . 
assurance project plan (QAPP) for field sampling activities. The combined 
FOWP/QAPP, hereafter called the SQAP, includes a brief site summaiy, project 
objectives, sampling and analytical procedures, and QA requirements that will be 
used to obtain valid, representative field samples and measurements. The SQAP 
is intended to be combined with information presented in E & E's (2005a) quality 
management plan (QMP) for Region 10 START-3. A copy of the QMP is 
available in E & E's office located at 720 Third Avenue, Suite 1700, Seattle, 
Washmgton 98104. 

This subsection discusses the site background (subsection 1.2.1), site operations 
and source characteristics (subsection 1.2.2), and site characterization (subsection 
1.2.3). 

1.2.1 Site Background 
Information presented in this subsection is based on a review of site background 
information. 

1.2.1.1 Site Location 
^ f i i : f ^ l i ~ ''-r \ 

CERCLIS ID Number: WAN001002725 
Site Address: 2701 Road N Northeast, 

Moses Lake, Washington 98837 
Latitude: 47° 7'35.166" North 
Longitude: 119° 1 r 35.937" West 
Legal Description: Township 19 N, Range 29 E, Section 21 
County: Grant 
Congressional District: 
Site Owner/Operator: Eka Chemicals AB 

1 IO:\STARTtXX;V)8O50OO5\S1244 
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Site Name: " *' :" 

Site Contact: 

E;l<afChenfiicals,Tuc. . • . , , .,,. 
Lilla Bommen 1 
Goteborg, Sweden 
Calvin Greene, Manager 
Eka Chemicals, Inc. 
2701 Road N Northeast 
Moses Lake, WA 98837 
(509) 765-6400 

1.2.1.2 Site Description 
The Eka facility is a wood products chemical manufacturing facility located in a 
business/industrial area east of Moses Lake, Washington (Figure 1-2). Land use 
in the vicinity ofthe site consists of mixed agricultural, commercial, and industrial 
uses. The property is bordered to the north by McKay Seed Company and further 
north by Washington Central railroad tracks and Wheeler Road. Agricultural land 
borders the property to the east and south and Road "N" borders the property to the 
west. The entire property consists of 110 acres of which 100 are currently used as 
farmland with the potential for facility use in the future and 10 acres are fenced and 
used for the manufacturing and transportation of chemicals. The property is 
approximately 1,221 feet above mean sea level. The topography is relatively flat and 
slopes generally to the southwest at a 1 % grade. (LFR 2007) 

The Eka facility contains a variety of buildings associated with paper production 
including tlie office and parking lot, chlorate process building, acid loading 
equipment, water cooling towers, sodium chlorate loading area, silos and tanks, 
the collection pond and paper chemicals process building (Figure 1-3). 

1.2.1.3 Site Ownership History 
The site is currently owned by Eka Chemicals AB of Goteborg, Sweden. 
Property ownership prior to 1990 is unknown; however the property appears 
undeveloped in 1956 and 1978 topographic maps (LFR 2007). Prior to 1990, the 
Eka property was farmland. Paper chemical manufacturing operations have been 
conducted at the property since 1990 (Jordan 2008). 

1.2.2 Site Operat ions and Source Characterist ics 
Eka began operations at the site in 1990 producing only sodium chlorate. Shortly 
thereafter, the manufacture of a paper coating chemical (an alkyl-ketene dimer 
emulsion) was added. In 2004, the facility expanded with additional product lines 
which included a range of paper making agents and a wood laminate glue 
additive. The facility also offloads and reloads other paper chemical products for 
redistribution on the West Coast. (Ecology 2007) 

The facility produces sodium chlorate for use as a bleaching agent in pulp and 
paper mills. Hydrochloric acid and sodium hydroxide are used and stored at the 
site. (LFR 2007) 

1-3 
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Sodium chlorate is produced by electrolysis of an aqueous salt solution according 
to the following equation: 

NaCl +3H2O ^ NaClOs -I-3H2 

Bulk salt (NaCl) is imported by rail. The salt is dissolved in water and purified 
by precipitation, filtration and deionization. The salt solution is then sent to 
electrolytic cells. Sodium chlorate is crystallized out of solution, washed, dried 
and shipped in bulk by rail and tmck. (Ecology 2007) 

Potential sources and typical storage amounts include sodium chlorate crystal and 
solution railcars (733 tons), sodium chlorate solution tanks (188 tons), and 
sodium chloride (150 tons). The railcars have no secondary containment and the 
sodium chlorate tanks have concrete secondary containment. The facility 
produces approximately 74,000 tons of sodium chlorate per year. Sodium 
chloride is brought to the facility by rail and tmcks and is stored in 2,000 pound 
nylon storage bags. (Bingham 2008) 

Discussions with onsite personnel indicated the occurrence of releases and/or . 
spills in areas where chemicals are stored, mixed, and loaded or unloaded have 
occurred. (LFR 2007) 

Two sodium chlorate spills have occurred at the facility since 1996. The July 
1996 spill involved the release of approximately 5,000 pounds of soHd sodium 
chlorate. Four 55-gallon dmms of contaminated material (it is unknown if the 
dmms contained product, soil or both) were removed and the remainder was left 
in place as the spill occurred near railroad tracks. The May 2007 spill involved 
the release of approximately 7,000 gallons of 46 % sodium chlorate solution. 
Approximately 10 cubic yards of solids and approximately 330 gallons were 
removed from the spUl area near the railroad tracks. The facility also had an 
explosion on December 29,2007. The explosion primarily involved hydrogen 
and did not result in a release of hazardous substances or injuries. (Jordan 2008) 

In 2007, the facility produced 44,000 pounds of waste sodium chlorate, 8,000 
pounds of waste sodium chlorate solution, 2,450 pounds of laboratory waste, 950 
pounds of waste methanol, and 218 pounds of waste paint-related materials. 
Much of this waste was generated when filtering the electrolytes used in the 
manufacturing process to remove iron. (Bingham 2008) 

The potential contaminants of concem (COCs) at the site associated with these 
operations are sodium chlorate and perchlorate. Perchlorate is listed as a COC 
due to it being produced as an unintended byproduct from the manufacturing of 
sodium chlorate. 

1-4 
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1.2.3 Previous Investigations 
L2.3.1 Chlorate Spill Soil Survey 
Soiltest Farm Consultants, Inc. (Soiltest) of Moses Lake, Washington performed a 
Chlorate Spill Soil Survey in May 2007 (LFR 2007). The survey was performed 
to a maximum depth of three feet below ground surface (bgs) in the vicinity of the 
2007 sodium chlorate spill. Soiltest found the presence of sodium, chloride, and 
chlorate in all soils tested, and concluded that the high solubility of the sodium 
chlorate and chloride salts were cause for concem regarding potential 
groundwater contamination. Soiltest recommended that deep core soil samples be 
obtained to establish the depth and rate of movement of the salts relative to 
groundwater elevations. (LFR 2007) 

1.2.3.2 Modified Phase n Environmental Site Assessment 
A Modified Phase II Environmental Site Assessment (ESA) was conducted in 
September 2007 to assess the presence or absence of potential COCs which 
included: sodium chlorate, chromium, lead, total petroleum hydrocarbons and 
chlorinated herbicides. These potential COCs were identified based on current or 
historical site usage. The investigated areas include the railcar loading/unloading 
area and the locations ofthe 1996 and 2007 sodium chlorate spills. The field 
activities of the Modified Phase II ESA soil sampling program were conducted on 
September 11,2007. (LFR 2007) 

A total of 21 soil samples were collected from sample depths ranging between 1 
and 12 feet bgs from eight discrete locations. Sample locations are presented in 
Figure 2-1. Sample locations B-1, B-2, B-3 and B-5 were placed near the 2007 
spill impact area, sample locations B-6 and B-7 were placed near the 1996 spill 
area, sample location B-8 was located near the acid loading/unloading area, and 
sample location B-9 was collected in the field east ofthe water tower and was 
considered a background sample. The samples were analyzed for sodium 
chlorate, chromium, lead and herbicides. Sodium chlorate was detected in all 
samples analyzed at depths of up to 12 feet below ground surface. Evaluation of 
the samples collected from individual borings generally shows a downward trend 
in concentration with depth, with the exception of boring B-2, which may be a 
reflection of its downgradient position from the original spill elevation. Borings 
B-3 and B-7 approached background concentrations at their deepest sampled 
interval. The remaining five borings reflected concentrations well above 
background (113 mg/kg, collected at B-9) at their respective deepest intervals, 
which ranged from six to twelve feet bgs. The highest concentrations of sodium 
chlorate were detected between the rails on either side of the sodium chlorate 
loading facility, in borings B-5 and B-6, reflecting the past two spill events. All 
areas directiy associated with sodium chlorate handling are capped with concrete 
and asphalt, which wUl limit potential movement of sodium chlorate due to 
meteorological water (LFR 2007). Analytical results indicated that the potential 
COCs, including lead and chromium, were either not detected above the 
respective laboratory method reporting limits and/or were below Washington 
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Department of Ecology (Ecology) Model Toxics Control Act (MTCA) Method A 
Soil Cleanup Levels for Unrestricted Land Uses (Ecology 1989). 

The shallow soil saniples analyzed for petroleum hydrocarbons were obtained in 
graveled areas adjacent to railcar loading/unloading where a petroleum spill may 
have passed through surface material to underlying soUs. (LFR 2007) 

No MTCA soil cleanup level has been established for sodium chlorate. Based on 
site maps, the spill area is approximately 195 feet by 160 feet (31,200 square feet) 
in size. Groundwater was not encountered during the field investigation. The 
depth to ground water at the site is anticipated to be several hundred feet bgs, 
thereby reducing risk of potential groundwater impact due to sodium chlorate soil 
concentrations. (LFR 2007) 

1.2.3.3 START Site Visit 
EPA and START personnel conducted a site visit on Febmary 14,2008. Eka 
representatives included Jimmy Jordan, corporate health and safety officer from 
Columbus, Mississippi, and Lynn Bingharn, Moses Lake health and safety officer. 
EPA and START personnel interviewed the Eka representatives then participated 
in a site walk. Appendix A provides photographic documentation from the site 
visit. The rail loading/unloading area, the retention/evaporation pond, and the 
irrigation water drainage ditch were the primary areas observed during the site 
walk. The loading/unloading area was the location of the 1996 and 2007 sodium 
chlorate spills. This area is primarily covered with concrete or rock due to the 
presence of the rail lines. All storm water from the 10-acre fenced property flows 
to the lined evaporation/retention pond. Evaporation is the primaiy means of 
reducing liquid in the pond; there are no outfalls from the pond. The irrigation 
ditch is located approximately 100 feet south of the fenced property and is the 
carrier for overflow irrigation water originating on farm land east of the Eka 
property. 

1.2.4 Migration/Exposure Pathways and Targets 
This subsection discusses the ground water migration, the surface water 
migration, the soil exposure, and the air migration pathways and potential targets 
within the site's range of influence. 

1.2.4.1 Ground Water Migration Pathway 
The target distance limit (TDL) for the ground water migration pathway is a 
4-mile radius that extends from the sources at the site. Figure 1-4 depicts the 
groundwater 4-mile TDL. 

Geologic Setting: 
Moses Lake is situated within the Quincy Basin, a stmctural sub-basin ofthe . 
central Columbia Plateau. The subsurface stratigraphy ofthe Moses Lake area is 
comprised ofa thick series of broadly folded, Miocene-age flood basalt lava flows 
(collectively known as the Columbia River Basalt Group; CRBG) and 
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interbedded sediments overlain by unconsolidated deposits of late Miocene to 
recent age. In the Moses Lake area, the uppermost layers of fractured bedrock are 
the Wanapum Basalt formation. The typical CRBG basalt flow is characterized 
by an uppermost fractured and vesicular flow top, a dense columnar and 
entablature jointed interior, and a glassy, mbbly, or pillowed flow bottom. The 
combination of a flow top and overlying flow bottom from two adjacent flows is 
called an interflow zone and is normally significantly more porous than the basalt 
interior. Regionally, the surface of the Wanapum Basalt is known to slope to the 
southwest, although local depressions or rises are known to exist. (Ecology 2003) 

Throughout much ofthe Moses Lake area, the CRBG is overlain by the late 
Miocene to Pliocene aged Ringold Formation. Ringold sediments are comprised 
of lacustrine clay, silt, and fine sand. Sub-surface investigations indicate that the 
Ringold Formation pinches out approximately 1 mile to the east of the Crab Creek 
drainage. It is thought that the Ringold Formation is absent from the site area, 
ether it has pinched out or has been eroded. 

Overlying the CRBG in the site area is a sequence of Pleistocene-age flood 
deposits. These glaciofluvial deposits associated with Missoula flooding are 
known as the Hanford formation. The Hanford formation is in general composed 
of massive to well stratified boulder to granule sized basaltic gravels, with lesser 
deposits of sand, silt, and non-basaltic gravels. Caliche fragments and coatings 
are present in the lower portions of the unit. (Ecology 2003) 

Surface soils in the Moses Lake area are largely from the Ephrata and Malaga 
series. These soils are typically characterized by very deep profiles of well-
drained to excessively well drained material formed on glacial flood deposits. 
The grain size profile with depth is normally characterized by a shallow-horizon 
gravelly sandy loam or cobbly sandy loam grading to deep-horizon extremely 
gravelly and cobbly coarse sand (Bain 1990; USDA 1984). Soil permeabilities 
are moderately rapid the upper horizon and rapid in tiie lower portion of the soil 
horizon. (Ecology 2003) 

Average total precipitation in the vicinity ofthe site is 7.87 inches (WRCC 2007). 

Aquifer Svstem: 
Ground water in the site vicinity is contained within densely layered basalt rocks 
and is part of a large system which covers a majority of east-central Washington. 
According to Ecology files, approximately 16 private and eight public water 
supply wells are located within a 1-mile radius of the site. Static water levels 
reported in these wells range from approximately 25 feet to 280 feet bgs. The 
closest private well for which there is data is located between 0.125 and 0.25 mile 
to the south-southwest of the site, with static water levels ranging from 260 to 340 
feet bgs. Regional ground water flow is reported as south to southwest toward the 
Snake and Columbia Rivers. (LFR 2007) 
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The ground water hydrology of the Columbia Basin is defmed by a complex 
multi-aquifer system comprised of formations and overburden deposits (Bauer .. 
and Hansen 2000; Whiteman et al., 1994). The Columbia Basalt Group and die 
Priest Rapids member of Wanapum Basalt were the two aquifers found on well 
logs in the area. In areas where the Ringold Formation is present, the finer 
grained sediments act as an aquitard, hydraulically separating groundwater in the 
flood deposits from groundwater in the basalt flows. Because it is thought that 
the Ringold Formation is missing in the site area, groundwater in the flood 
deposits can directly interact with groundwater in the basalt, creating an 
unconfmed aquifer.condition. (Ecology 2003) 

The horizontal hydraulic conductivity ofthe flood deposits ranges from 2,800 to 
28,000 feet per day, with average seepage velocities of 1,100 feet per day. These 
numbers reflect the course, open frame work ofthe sediments. Due to the course 
frame work ofthe flood deposits, the infiltration rates are considered rapid, with 
little attenuation capacity for pollutants. Model calibrated horizontal hydraulic 
conductivities for the uppermost basalt ranges from 15 to 120 feet per day. 
(Ecology 2003) 

The nearest well is located 100 feet south of the fenced area of the facility. The 
well is labeled as City Well #17. The well is drilled to 1,240 feet bgs. The well is 
not screened; however, a casing was placed from 0 to 686 feet bgs. From 686 feet 
bgs to 1,240 feet the well is completed as an open hole (Ecology 2008). Based on 
this lithology, the START assumes a hydraulic conductivity of 10"̂  centimeters 
per second. 

Drinking Water Targets: 
Groundwater within 4 miles of the site is used for drinking water. Ground water 
flow direction is believed to follow the surface topography from northeast to 
southwest. 

The City of Moses Lake has a total of 17 municipal wells with 8,736 connections 
serving a population of 20,650 (WDOH 2007). All wells have a 100-foot 
wellhead protection area; therefore, the site is located within a wellhead 
protection area. Five ofthe 17 municipal wells (7,11,12,17 and 18) are located 
within the 4-mile TDL (Figure 1-4). These wells have depths ranging between 
568 and 1 ̂ 40 feet bgs and pumping capacities between 910 and 2,000 gallons per 
minute. 

The City of Moses Lake's water system is separated into six service zones. 
According to the City of Moses Lake Drinking Water Quality Report for 2007, 
portions of three of the water service zones (Central, Lakeview, and Wheeler) are 
located and draw water from with in the 4-mile TDL. Each of the service zones is 
served by a dedicated well or group of wells. Service zones and the wells that 
serve them within the 4-mile TDL are as follows: 
• Central Zone - Well 7 
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Lake View Zone - Wells 11 & 12 
Wheeler.Zone-17& 18 

Even though water from the wells is not blended (i.e., each well serves a specific 
set of households), information regarding the number of connections served by 
each of the municipal wells in the TDL could not be obtained. The city did 
provide the number of meters for each zone; therefore, START apportioned each 
of the meters equally to each well witiiin the zone. Each meter was then assumed 
to serve a single residence and therefore, multiplied by the average number of 
persons per household for Grant County, Washington (2.92). The number of 
people served by each well in a given service zone is provided in Table 1-4. 

In addition, approximately 687 private diinking water wells are located within the 
TDL (Ecology 2008). Based on the average number of people per household of 
2.92 for Grant County, it is estimated there are approximately 2,006.04 people 
that use ground water for drinking water from private wells (DOC 2001). Table 
1-1 provides the number of individuals drinking ground water within the TDL. 

Because Moses Lake, Washington, is served by municipal wells, it is assumed 
that ground water is used as an ingredient in commercial food preparation 

1.2.4.2 Surface Water Migration Pathway 
All surface water from the 10 acre fenced property flows to a lined 
evaporation/retention pond. Evaporation id the primary means of reducing liquid 
in the pond. There are no outfalls from the pond. The irrigation ditch is located 
approximately 100 feet south ofthe fenced property and is the carrier of overflow 
inigation water originating on farm land to the east of the Eka property. Because 
all surface water flow from the site is contained in the evaporation/retention pond, 
the surface water migration pathway is not being evaluated as part of this 
investigation. 

1.2.4.3 Soil Exposure Pathway 
The soil exposure pathway is evaluated based on the threat to resident and nearby 
populations from soil contamination within the first two feet of the surface. 

Site Setting and Exposed Sources; 
Exposed contaminated soil is present at the site where the July 1996 spill 
occurred. The site is fenced and security cameras impede the accessibility of the 
public (E&E 2008). 

Targets: 
The site is an active paper chemical manufacturing that employs approximately 
35 workers (Bingham 2008). There are no residences or day care facilities at the 
site. No commercial agriculture, commercial silviculture, or commercial 
livestock production or livestock grazing occur on an area of observed 
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contamination. No terrestrial sensitive environments are located on an area of 
observed contamination. 

Approximately 71 people are located within a 1-mile travel distance ofthe site. 
Population by distance ring is provided in Table x-x. 

1.2.4.4 Air Migration Pathway 
The air migration pathway TDL is a 4-mile radius that extends from the sources at 
the site (Figure 1-4). 

Human Targets: 
The distance to the nearest residence is approximately 0.67 mile. There are 
approximately 35 workers at the site. (Bingham 2008) 

There are approxunately 1,157 people that reside witiiin the TDL (DOC 2001). 
Two schools are located within the air migration pathway TDL. The closest 
school. Chief Moses Junior High School, is located between 2 and 3 miles from 
the site and has a population of 840 students and 41 teachers. Lakeview Terrace 
Elementary School, which is located between 3 and 4 miles from die site, has a 
population of 391 students and 20 teachers. Population including students and 
workers is provided in Table 1-3. (NCES 2007) 

Environmental Targets: 
Commercial agriculture is present within 0.5 mile of the site. An estimated 
551.45 acres of wetiands are present witiiin tiie TDL (USFWS 2003). Wetiand 
acreage by distance ring is presented in Table 1-3. 

There are no Federally-listed threatened and endangered species or state listed 
threatened and endangered species listed with in the 4-mile TDL. 

1.2.5 Areas of Potential Contamination 
Sampling under the Eka SI will be conducted at those areas considered potential 
contamination sources and at areas that may have been contaminated through the 
migration of Comprehensive Environmental Response, Compensation, and 
Liability Act (CERCLA)-reguIated hazardous substances from sources on-site. 

Based on a review of background information, discussions with Eka 
representatives, and discussions with the EPA TM, the following areas or features 
have been identified for inspection under the Eka SI. 

Sources: 
Acid Loading Area: Subsurface soil samples were collected to a maximum 
depth of 11 feet bgs by LFR in November 2007 and indicated the presence of 
sodium chlorate at significant concentrations with respect to background. 
This SI will assist in determining if the acid loading area is still a source of 
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contamination. Probable potential contaminants of concem include sodium 
chlorate and perchlorate. 

" Sodium Chlorate Loading Area: Since 1996 there have been two sodium 
chlorate spills in the sodium chlorate area. A release in 1996 released 
approximately 5,000 pounds of solid sodium chlorate and the 2007 spill 
released approximately 7,000 gallons of 46 percent sodium chlorate solution. 
At the time ofthe released, tiie rail cars had no secondary contamination. 
This SI will assist in determining if the sodium chlorate loading area is still a 
source of contamination. Probable potential contaminants of concem include 
sodium chlorate and perchlorate. 

" Storage Tanks and Silos Area: Subsurface soil samples were collected to a 
maximum depth of 11 feet bgs by LFR in November 2007 and indicated the 
presence of sodium chlorate at significant concentrations with respect to 
background. These concentrations maybe attributed to tiie 1996 and 2007 
spills, which occurred up gradient of this area. This SI will assist in 
determining if the storage tank and silos area is still a source of 
contaniination. Probable potential contaminants of concem include sodium 
chlorate and perchlorate. 

Targets: 
• Contammants from on-site sources may be migrating to groundwater. Tliis SI 

will assist in determining if contaminants are impacting groundwater targets. 
Probable potential contaminants of concem include sodium chlorate and. 
perchlorate. 

1.3 Project/Task Description and Schedule 
This subsection provides the project description (subsection 1.3.1) and proposed 
schedule (subsection 1.3.2). 

1.3.1 ProjectDescription 
This subsection defines the objectives and scope for performing the SI activities 
at the Eka site. The main goals for tiie SI activities are as follows: 
" Collect and analyze samples to characterize the potential sources discussed in 

subsection 1.2.3.3; 
• Determine potential for off-site migration of contaminants; 
• Provide the EPA with adequate information to determine whether the site is 

eligible for placement on tiie National Priorities List (NPL); and 
" Document a threat or potential threat to public health or the environment 

posed by the site. 

1.3.2 Schedule 
The schedule for implementing the SI is intended to be used as a guide. 
Adjustments to the implementation dates and the estimated project duration may 
be necessary to account for variable unforeseen or unavoidable conditions tiiat the 
field team may encounter. Examples include inclement weather, difficulties in 
accessing a sampling site, unforeseen site conditions, or additional time needed to 
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complete a task. Significant schedule changes that arise in the field will be 
discussed with the TM at the earliest possible opportunity. 

The START-3 is targeting September 29,2008, as flie period to conduct tiie SI 
field work, which is estimated to take 5 days, including travel time to and from 
the site. This period comprises 0.5 day of mobilization, 0.5 day of 
demobilization, and 5 day to complete field activities. Work will be conducted 
during daylight hours only. The proposed schedule of project work is provided in 
Table 1-5. 

1.4 Quality Objectives and Criteria for Measurement Data 
The project data quality objectives (DQOs) are to provide valid data of known 
and documented quality to characterize sources, to determine off-site migration of 
contaminants, to determine whether tiie site is eligible for placement on the NPL, 
and to document threat(s) or potential tiireat(s) to public health or the 
environment posed by the site. The DQO process applied to this project follows 
that described in the document Guidance for the Data Quality Objectives Process 
(EPA 2000). See subsection 2.5 for a detailed measurement criteria discussion. 

1.4.1 DQO Data Categories 
All samples collected under this SQAP will be analyzed using definitive 
analytical methods. All definitive analytical metiiods employed for this project 
will be methods approved by the EPA. The data generated under this project will 
comply with the requirements for this data category as defined in Data Quality 
Objectives Process for Superfund (EPA 1993). 

1.4.2 Data Quality Indicators 
Data quality indicators (DQI) representativeness, comparability, completeness, 
precision, and accuracy goals for this project were developed following 
guidelines presented in the EPA Guidance for Quality Assurance Project Plans, 
EPA QA/G-5 (EPA 2002a). 

The basis for assessing each of the elements of data quality is discussed in the 
following subsections. Subsection 2.5 presents the QA objectives for 
measurement of analytical data and quality confrol (QC) guidelines for precision 
and accuracy. Other DQI goals are included in the individual Standard Operating 
Procedures (SOPs) in Appendix B and in the Laboratory Statement of Work 
(SOW). 

1.4.2.1 Representativeness 
Representativeness is a measure of the degree to which data accurately and 
precisely represents a population, including a sampling point, a process condition, 
or an environmental condition. Representativeness is the qualitative term tiiat 
should be evaluated to determine that measurements are made, and physical 
samples collected, at locations and in a manner resulting in characterizing a 
matrix or media. Subsequentiy, representativeness is used to ensure that a 
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sampled population represents the target population and an aliquot represents a 
sampling unit. This SQAP will be implemented to establish Representativeness 
for this project. Further, all sampling procedures detailed in the SQAP will be 
followed to ensure that the data will be representative of the media sampled. The 
SQAP describes the sample location, sample collection, and handling techniques 
that will be used to avoid contamination or compromise sample integrity, and 
ensure proper chain-of-custody of samples. Additionally, the sampling design 
presented in the SQAP will ensure that there are a sufficient number of samples 
and level ofconfidence that analysis of these samples will detect the chemicals of 
concem, if present. 

1.4.2.2 Comparability 
Comparability is the qualitative term that expresses the measure of confidence 
that two data sets or batches can contribute to a common analysis and evaluation. 
Comparability with respect to laboratory analyses pertains to method type 
comparison, holding times, stability issues, and aspects of overall analytical 
quantitation. The following items are evaluated when assessing data 
comparability: 
• Determining if two data sets or batches contain the same set of parameters. 
• Determining if the units used for each data set are convertible to a common 

metric scale. 
• Determining if similar analytical procedures and quality assurance were used 

to collect data for both data sets. 
• Determining if the analytical instmments used for both data sets have 

approximately similar detection levels. 
• Determining if samples within data sets were selected and collected in a 

similar manner. 

To ensure comparability of data collected during this investigation to otiier data 
that may have been or may be collected for each property, standard collection and 
measurement techniques wUl be used. 

1.4.2.3 Completeness 
Completeness is calculated for the aggregation of data for each analyte measured 
for any particular sampling event or other defined set of samples. Completeness 
is calculated and reported for each method, matrix, and analyte combination. The 
number of valid results divided by the number of possible individual analyte 
results, expressed as a percentage, determines the completeness of the data set. 
For completeness requirements, valid results are all results not rejected through 
data validation. The requirement for completeness is 95 % for aqueous samples 
and 90% for soil and sediment samples. 

The following formula is used to calculate completeness: 
% completeness = number of valid results x 100 

number of possible results 
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For any instances of samples that could not be analyzed for any reason (holding 
time violations in which resampling and analysis were not possible, samples 
spilled or broken, etc.), the numerator of this calculation becomes the number of 
valid results minus the number of possible results not reported. 
For this investigation, all samples are considered critical. Therefore standard 
collection (as defined in the sampling SOPs of Appendix B) and measurement 
methods will be used to achieve the completeness goal. 

1.2.4.4 Precision 
Precision measures the reproducibility of measurements. It is strictiy defined as 
the degree of mutual agreement among independent measurements as the result of 
repeated application of the same process under similar conditions. Analytical . 
precision is the measurement of the variability associated with duplicate (two) or 
replicate (more than two) analyses. The laboratory control sample (LCS) 
determines the precision of the analytical metiiod. If the recoveries of the 
analytes in the LCS are within established control limits, then precision is within 
limits. In this case, the comparison is not between a sample and a duplicate 
sample analyzed in the same batch. Rather, the comparison is between the sample 
and samples analyzed in previous batches. 

Total precision is the measurement of the variability associated witii the entire 
sampling and analysis process. It is determined by analysis of duplicate or 
replicate field samples and measures variability introduced by both the laboratory 
and field operations. Field duplicate samples and matrix duplicate spiked samples 
shall be analyzed to assess field and analytical precision, and the precision . 
measurement is determined using the relative percent difference (RPD) between 
the duplicate sample results. 

The following formula is used to calculate precision: 
RPD =(100) X (S1-S2) 

(Sl -l-S2)/2 
where: 

51 =original sample value 
52 =duplicate sample value 

In general, precision less than or equal to 35 % relative percent difference will 
fiilfill thp D H O Q liiimi ttie DQOs. 

1.4.2.5 Accuracy 
Accuracy is a statistical measurement of correctness and includes components of 
random error (variability due to imprecision) and systemic error. It reflects the 
total error associated with a measurement. A measurement is accurate when the 
value reported does not differ from the tme value or known concentration of the 
spike and standard. Analytical accuracy is measured by comparing the percent 
recovery of analytes spiked into an LCS to a control liinit. For pesticide, PCB, 
volatile, and semivolatile organic compounds, system monitoring compound 
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recoveries are also used to assess accuracy and method performance for each 
sample analyzed. Analysis of performance evaluation (PE) samples may also be 
used to provide additional information for assessing the accuracy of the analytical 
data being produced. In general, accuracy between 50% and 150% will fulfill the 
DQOs. 

1.5 Special Training Requirements/Certification 
No special training requirements or certifications are required for this project 
except for the 40-hour Hazardous Waste Operations and Emergency Response 
class and annual refreshers. Health .and safety procedures for E & E persomiel are 
addressed in tiie E & E site-specific Healfli and Safety Plan. This document is 
maintained in E & E's Seattle office. Included in the plan are descriptions of 
anticipated chemical and physical hazards, required levels of protection, health 
and safety monitoring requirements and action levels, personal decontamination 
procedures, and emergency procedures. 

1.6 Documentation and Records 
This document is meant to be combined with information presented in E & E's 
(2005b) Region 10 START-3 Quality Assurance Project Plan. This information is 
covered by the SOPs found in Appendix B, the supplemental forms found in 
Appendix C, and the commercial laboratory quality assurance manual, which has 
been reviewed previously by E & E. A copy of the START QAPP is available in 
E & E's Seattle office. Standards contained in the SOPs, the START QAPP, and 
the QMP will be used to ensure tiie validity of data generated by E & E for this 
project. 

Following the completion of field work and the receipt of analytical data, a report 
summarizing project fmdings will be prepared. Project fUes, including work 
plans, reports, analytical data packages, correspondence, chain-of-custody 
documentation, logbooks, corrective action fomis, referenced materials, and 
photographs, will be provided to the EPA TM at the close of the project. Further, 
a CD-ROM deliverable containing the final report will be provided. 

E & E will assemble and fully document a digital data set including all project 
sampling, analysis, and observation data. This digital data will be made available 
in a Microsoft-Access format. 

E & E will transfer this data set and documentation to EPA, or if requested, to any 
other EPA contractor, and shall ensure that any data transferred is received in an 
uncormpted, comprehensible, and usable format. Specific data deliverable 
elements are presented below. 

Data 
A summary description of the tables, the sources of information and otiier 
coniments are provided below. 
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Fieid-Info 
The field information table contains all sample collection related information. A 
Microsoft Access application (Sample Information System, SIS) will be used to 
input and store the data. The SIS provides the user with "smart" data input forms 
that will only allow for the entry of acceptable data field values. For each 
sampling event, flie SIS will be updated to reflect the new samples collected. 
Once entered, the information will be checked and corrected where necessary. 
The table stmcture is presented below. 

Field Name Type Size Description 
Sample- Cliaracter 10 Sample Number 
Num 
Station 
Date 
Time 
Sampler 
Matrix 
Water Depth 
Description 
Comments 

Cliaracter 
Date 
Numeric 
Character 
Character 
Numeric 
Character 
Character 

10 
8 
4 
25 
6 
5.1 
40 
40 

Station Identifier 
Sample Date 
Sample Time (24-Hour clocli) 
Person Name 
Sample Matrix - (i.e., soil boring, groundwater, sediment) 
Depth of water as sediment sample 
Sample Description 
Comments 

Location 
The location table contains sample location coordinate information. The sample 
locations will be detennined using Trimble Pro-XR Global Positioning System 
(GPS) units. E&E personnel have been trained and have utilized these units in 
similar projects. For each day or half-day in the field that GPS sample location 
data is to be collected, the GPS user will create a single file that contains the 
locations of each sample station. A unique station label will be entered for each 
sample location. This unique station identifier will be used to link the "Location" 
table with the "Field-Info" table. This information will be downloaded from the 

• GPS unit and imported into the "Location" table ofthe Site Data Management 
System (SDMS). All locational data for tiiis project will be stored in decimal 
degrees, and will be referenced to flie North American Datum (NAD) 27 
horizontal datum. Differential corrections will be made real-time. The table 
stmcture is presented below. 

Description 

Station Identifier 
X-Coordinate, Decimal Degrees 
Y-Coordinate, Decimal Degrees 

Field 
Name 
Station 
X-Coord 
Y-Coord 

Type 

Character 
Numeric 
Numeric 

Size 

10 
12.6 
12.6 

Lab Analytical 
The Lab Analytical table will hold all of the sample analysis results provided by 
each laboratory analyzing samples. The integrity of each data file received from 
the labs will be checked and verified. Once the files are received, they will be 
appended into the SDMS Lab Analytical table. The "Sample-num" field will be 
used to link the "Lab Analytical" table with the "Field-Info" table. The table 
stmcture is presented below. 
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Field Name 
Sample-num 

Lab-id 

Method 

L-Matrix 

Cas-num 

Analyte 

Result 
Qual 

Quantitation-
Limit 
Units 

Date 
Lab 

Type 
Characte 

r 
Characte 
r 
Characte 
r 
Characte 
r 
Characte 
r 
Characte 
r 
Numeric 
Characte 
r 
Numeric 

Characte 

r 
Date 
Characte 

Size 
10 

10 

25 

10 

15 

40 

12.6 
6 

12.6 

10 

8 
40 

Description 
Sample Number 

Laboratory Sample Identifier 

Analytical Method Used 

Laboratory Matrix 

Chemical Abstracts 

Analyte Name 

Analysis Result 
Sample qualifier 

Sample quantitation limit 

Results unit 

Date analyzed 
Lab name 

For any Geographic Information Systems (GIS) produced maps, E&E shall 
provide the maps to EPA in hard copy and digital image (i.e. JPEG) formats. 
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Table 1-1 Ground Water Drinking Water Population 

i^H 
0 - V4 

'A - '/2 

' / 2 -1 

1 - 2 

2 - 3 

3 - 4 

TOTAL 

^HK^HOjIit̂ Eiĵ riHaR 
Domestic - 1 

Public Supply - 1 
Domestic - 5 
Domestic - 5 

Domestic - 60 

Public Supply - 1 
Domestic - 300 

Public Supply - 1 
Domestic-316 

Public Supply- 1 

^^P 
2.92 
36.5 
14.6 
14.6 

175.2 

36.5 
876 

3,422.23 
922.7 

5,212.19 

^^V 
39.42 

14.6 
14.6 

211.7 

4,298.23 

6,134.89 

10,713.44 
Sources: DOC 2001; Ecology 2008 
Note: Domestic well population was estimated based on the average number per persons per household 

for Grant County, Washington of 2.92 people. 

Table 1-2 PoDulation Within One Mile 

0 to VA mile 
'4 to Vl mile 
Vl to 1 mile 

1 
3 
32 

Total distance weighted population value 

0.1 
i 

0.05 
0.3 

0.45 
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Table 1-3 Population and Wetland Acreage by Distance Ring 
Distance (miles) Population Wetiand Acreage 

On a source 
0- ' / 4 
VA - V2 

' / 2 - I 
1-2 
2 - 3 
3 - 4 

TOTAL 

35^ 
1 
3 

32 
146 

• 1,056" 
.1,211'' 

2,449 

0 
19.45 
31.91 
45.81 
222.01 
192.24 
40.03 
551.45 

Source: E&E 2004; US Department of Education 2007. 
" Includes workers. 
'' Includes students and teachers at local schools. 

Table 1-4 Municipal Water Svstem Well Distribution 

Service area 

Number Meters 
NMrrjbffo ,^,j^t^L.,..,..,,pf.wejl§. .Services, „, „ , . ^ 
' o r : ' ' ^ ^T^JiiifiBfrr'^"^ w Po^uiatiori 
Miteire J^bftWetis ' j ; ' f TDL:. Served 

Central 2^ne 
Lakeview Zone 
Wheeler Zone 

2,452 
2,344 

25 

4 
2 
2 

1 
2 
2 

613 
2,344 

25 
Total estimated -tPopulation Served 

1,789.96 
6,84448 

73 
8,707.44 

Table 1-5 Proposed Schedule 
Activity start Date Cornpletion Date 

Collect pertinent background information 
Mobilize to the site 
Sample collection activities 
Laboratory receipt of samples 
Demobilization from the site 
Laboratory analysis 
Data validation 
Writing ofthe project report 
Target project completion date 

May 20,2008 
September 29,2008 
September 30, 2008 
October 1,2008 
October 3,2008 
October 2,2008 
October 31,2008 
October 6,2008 

September 29,2008 
October 3,2008 
October 2, 2008 
October 3,2008 
November 1,2008 
November 21,2008 
December 26,2008 
January 31,2009 
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Measurement/Data Acquisition 

2.1 Sampling Process Design (Experimental Design) 
During the Eka SI, samples will be collected from locations or features considered 
potential contamination sources, from selected potential hazardous substance 
migration pathways, and from potential targets in those pathways. The locations 
or features to be sampled have been determined based on information derived 
from a review of background information and interviews with site representatives 
and with regulatory agencies. Table 2-1 provides sample information regarding 
the sampling design and whether the measurement is considered critical or 
noncritical. 

At the time of sampling, site-specific conditions (e.g., topography or visual 
evidence of contamination) will be evaluated and incorporated, when applicable, 
into the placement of sampling locations. Other conditions potentially 
contributing to deviations from the projected sampling locations include new 
observations or infonnation obtained in the field that warrant an altered sampling 
approach, difficulty in reaching a desired soil sampling depth caused by high 
density soil, obstructions, or limited access to a sampling location. Significant 
deviations from the plarmed sampling locations or number of samples to be 
collected will be discussed with the EPA TM before implementation and will be 
documented on a Sample Plan Alteration Form (SPAF-Appendix D). Every 
attempt will be made to collect representative samples with the equipment being 
used. 

This subsection will describe sample locations (subsection 2.1.1), the GPS 
(subsection 2.1.2), logistics (subsection 2.1.3), cooler retum (subsection 2.1.4), 
and coordination with federal, state, and local authorities (subsection 2.1.5). 

2.1.1 Sample Locations 
Sample locations will be selected to achieve the objectives discussed in 
subsection 1.3.1. Samples wUl be submitted for sodium chlorate (modified EPA 
Metiiod 300) and perchlorate (EPA SW-846 Method 6860). Table 2-2 presents 
the potential types of samples, analytical methods, specific requirements for 
sample container size and type, sample preservation and holding times, and 
special handling requirements for samples expected to be collected at the site. 
Table 2-3 summarizes the number of QA/QC samples to be submitted according 
to the method requirements. Proposed sampling locations are presented in Figure 
2-1. 
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A summary of sampling locations and rationale is provided below: 
Potential Sources: 
• Acid Loading Area: Four boreholes will be advanced and sampled around 

the acid loading equipment. Boreholes will be advanced to a maximum depth 
of 20 feet bgs, to bedrock, or groundwater, whichever is encountered first. 
Samples will be collected in four foot increments. Additionally, groundwater 
samples will be collected from each borehole in which groundwater is 
encountered. Samples will be analyzed for sodium chlorate and perchlorate. 

• Sodium Chlorate Loading Area: Two boreholes wUI be advanced and 
sampled near the sodium chlorate loading area. One borehole will be located 
near previous sample point B-6. The second borehole will be located east of 
the loading area south of previous sample point B-7. Boreholes will be 
advanced to a maximum depth of 20 feet bgs, to bedrock, or groundwater, 
whichever is encountered first. Samples will be collected in four foot 
increments. Additionally, groundwater samples will be collected from each 
borehole in which groundwater is encountered. Samples will be analyzed for 
sodium chlorate and perchlorate. 

• South of Sodium Chlorate Loading Area: Three boreholes will be 
advanced south of the sodium chlorate loading area. One borehole will be 
drilled west of previous sample point B-2 and two will be drilled to the east. 
Boreholes \vtll he advanced to a maximum depth of 20 feet bgs, to bedrock, or 
groundwater, whichever is encountered first. Samples will be collected in four 
foot increments. Additionally, groundwater samples will be collected from 
each borehole in wliich groundwater is encountered. Samples will be 
analyzed for sodium chlorate and perchlorate. 

• South of the Storage Tanks and Silos: One borehole will be advanced soutii 
of previous sample point B-1. The Borehole will be advanced to a maximum 
depth of 20 feet bgs, to bedrock, or groundwater, whichever is encountered 
first. Samples will be collected in four foot increments. Additionally, a 
groundwater sample will be collected from the borehole if groundwater is 
encountered. Samples will be analyzed for sodium chlorate and perchlorate. 

• North of Paper Chemical Process Building: Two boreholes will be 
advanced in this location. Boreholes will be advanced to a maximum depth of 
20 feet bgs, to bedrock, or groundwater, whichever is encountered first. 
Samples will be collected in four foot increments. Additionally, groundwater 
samples will be collected from each borehole if groundwater is encountered. 
Samples will be analyzed for sodium chlorate and perchlorate. 

Targets Samples: 
• Drinking Water Wells: Groundwater samples will be collected from two 

nearby wells. One sample will be collected from the City of Moses Lake 
municipal well #17, which is located approximately 100 feet south of the Eka 
property. The other sample will be collected from a nearby (with in 0.25 
miles) domestic water supply well (to be detennined prior to mobilization in 
the field). Additionally, groundwater samples will be collected from each of 
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the borehole locations in which groundwater is encountered. Groundwater 
samples will be analyzed for perchlorate and sodium chlorate. 

Background: 
• Background Subsurface Soil: One background borehole will be advanced 

upgradient from the spill area, nortii of the water cooling towers, away from 
the influence of daily site operations. Background samples will be collected 
at 4-foot intervals to coincide with regular samples and analyzed for 
perchlorate and sodium chlorate 

» Background Groundwater: Samples will be collected from upgradient 
locations based on the assumed direction of groundwater flow. One back 
ground groundwater sample will be collected from the background subsurface 
soil borehole, if groundwater is encountered. An additional background 
sample will be collected from an up gradient well with similar screen depths 
as tiie City of Moses Lake well #17. Background groundwater samples will 
be analyzed for perchlorate and sodium chlorate. 

OA/OC: 
• Rinsate Blanks: One rinsate blank will be collected from the Geoprobe '̂̂  

cutting shoe. The sample will be analyzed for sodium chlorate and 
perchlorate. 

• Investigation Derived Waste (IDW): One sample from each dmm of IDW 
produced will be sampled for waste characterization and disposal. Samples 
will be analyzed for sodium chlorate and perchlorate. 

2.1.2 Global Positioning System 
GPS units with data loggers will be used to identify the location coordinates of 
every sample collected, as well as to delineate the boundaries of the potential 
source areas. GPS coordinates will be provided in the final Eka Sl report as an 
appendix. If real-time coordinates cannot be obtained for the site, the START-3 
will obtain differential correction data from a local source prior to the start of the 
survey in order to improve the survey resolution. 

2.1.3 Logistics 
The Eka site is accessible by paved road. START will travel to the site in 
government or rented vehicle. All field equipment will be loaded and checked 
prior to departure to the site to ensure that all equipment will be available during 
the field event. Property access has been obtained. 

Sample aliquots collected for fixed laboratory analysis will be delivered to the 
EPA Region 10 laboratory or an altemative laboratory as directed by the EPA. 
All fixed-laboratory samples will be shipped daily or every other day or at the end 
of the field work by commercial airlines for express delivery. Sample conttol and 
shipping are discussed in subsection 2.3. 
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2.1.4 Cooler Return 
For laboratories other than the EPA MEL, E&E will provide completed air bills 
accompanied by plastic envelopes with adhesive backs and address labels in the 
chain-of-custody bags taped to the inside of tiie cooler lids so the laboratory can 
retum the coolers to E & E. The air bills will contain the following notation: 
"Transportation is for the United States Environmental Protection Agency, and 
the total actual transportation charges paid to the carrier(s) by the consignor or 
consignee shall be reimbursed by the Govemment, pursuant to cost 
reimbursement contract number EP-S7-06-02." This notation will enable the 
laboratories to return the sample coolers to E & E's warehouse. The air bills will 
be marked for second-day economy service and will contain the appropriate TDD 
number for shipment. 

For the EPA MEL or commercial laboratories, an arrangement by E & E for 
cooler retum in this manner is not required. 

2.1.5 Coordination with Federal, State, and Local Authorities 
The START-3 will keep the EPA TM informed of field event progress and issues 
that may affect the schedule or outcome of the SI, will discuss problems 
encountered, will inform the EPA of unusual contacts with the public or the 
media, and will obtain guidance from the EPA regarding project activities when 
required. Additionally, the START-3 will notiiy tiie EPA RSCC with changes to 
the sampling schedule for MEL and/or CLP analyses and will provide shipping 
information on every sample shipment within 24 hours of shipment or before 
noon on Friday for Saturday delivery. All samples will be shipped to the 
laboratory within 24/48 hours of sample collection. 

Before initiation of the SI field activities, the START-3 will provide notification 
to list the point(s) of contact for the site; property owners/operators, state 
representatives, city representatives, county representatives, tribal representatives, 
local residents, etc. 

2.2 Sampling Method Requirements 
This subsection describes sampling methodologies (subsection 2.2.1), sampling 
equipment decontamination (subsection 2.2.2), invesfigation-derived waste (IDW; 
subsection 2.2.3), and SOPs (subsection 2.2.4). 

2.2.1 Sampling Methodologies 
The START-3 PM and EPA TM will be responsible for ensuring that appropriate 
sample collection procedures are followed and will take appropriate actions to 
conect the deficiencies. All samples collected will be maintained under chain-of-
custody and will be stored and shipped tn iced coolers. 
• Subsurface Soil Sampling: Subsurface soil samples will be collected by a 

Geoprobe TM hydraulic direct push sampling system. The samples.will be 
collected in dedicated acetate sleeves. The collected material will be placed 
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in a dedicated stainless steel bowl, thoroughly homogenized and placed into a 
pre-labeled sample container. 

• Geoprobe •*•" Groundwater Sampling: Groundwater samples wUl be 
collected using the Geoprobe '̂ '̂ , dedicated Teflon-lined tubing with a 
nondedicated check valve, and an inertial pumping technique. Sample will be 
pumped directiy into pre-labeled sample containers and preserved as required 
upon sample collection completion. 

• Well Sampling: Groundwater wells samples will be collected in accordance 
witii the groundwater wells sampling SOP presented tn Appendix B. 

• Rinsate Blank: Rinsate blank samples are collected by pouring deionized 
water through the Geoprobe cutting shoe directiy into pre-labeled sample 
containers and preserved as required immediately after collection. 

» IDW Characterization: IDW characterization samples will be collected 
from 55-gallon dmms containing IDW. The samples will be collected by 
directiy dipping the sample container in the dmm and preserved as required 
immediately after collection. 

2.2.2 Sampling Equipment Decontamination 
To the greatest extent possible, disposable and/or dedicated personal protective 
and sampling equipment will be used to avoid cross-contamination. When 
required, decontamination will be conducted in a central location, upwind, and 
away from suspected contaminant sources. The following procedures are to be 
used for all nondedicated sampling equipment used to collect routine samples 
undergoing ttace organic or inorganic constituent analyses: 

1. Clean with tap water and nonphosphate detergent, using a bmsh if 
necessary to remove particulate matter and surface films. (Equipment 
may be steam cleaned [soap and high pressure hot water] as an 
altemative to bmshing. Samplmg equipment that is steam cleaned 
should be placed on racks or saw horses at least two feet above tiie 
floor of the decontamination pad. PVC or plastic items should not be 
steam cleaned.) 

2. Rinse thoroughly with tap water. 
3. Rinse thoroughly with de-ionized water. 
4. Rinse with 10 % nitric acid if the sample will be analyzed for trace 

organics. 
5. Rinse thoroughly with de-ionized water that has been treated with 

activated carbon. 
6. Use a solvent rinse (hexane or acetone; pesticide grade) if the sample 

will be analyzed for organics. Do not solvent rinse PVC or plastic 
items. 

7. Air dry the equipment completely. 
8. Rinse again with distilled/de-ionized water. 
9. Remove the equipment from the decontamination area and cover with 

plastic. Equipment stored ovemight should be wrapped in aluminum 
foil and covered with clean, unused plastic. 
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2.2.3 Investigation-Derived Waste 
The START field team members will make every effort to minimize the 
generation of IDW throughout the field event. Attempts will be made to 
evaporate wastewater from decontamination operations on-site. Any wastewater 
that caimot be evaporated will be contained in 55-gallon dmms, labeled, and 
disposed of at an approved facility based on analytical results from matrix 
samples. 

Disposable personal protective clothing and sampling equipment generated during 
field activities will be rendered unusable by tearing (when appropriate), bagged in 
opaque plastic garbage bags, contained in lined 55-gallon dmms, labeled, and 
disposed of at an approved facility, based on analytical results from matrix 
samples. 

2.2.4 Standard Operating Procedures 
The START will utilize the following SOPs (Appendix B) while performing field 
activities: 
« Borehole Sampling 
• Field Activity Logbooks; 
• Groundwater Well Sampling; 
• Geologic Logging; 
" Geoprobe '̂ '̂  Operations; 
• Sample Equipment Decontamination; 
• Sample Packaging and Shipping; 
• Soil Sampling; and 
• Water Level Measurements. 

2.3 Sample Handling and Custody Requirements 
This subsection describes sample identification and chain-of-custody procedures 
that will be used for the Eka SI field activities. The purpose of these procedures 
is to ensure that the quality ofthe samples is maintained during collection, 
transportation, storage, and analysis. All chain-of-custody requirements comply 
with E & E's SOPs for sample handling. All sample control and chain-of-custody 
procedures will follow the EPA's (2004b) Contract Laboratory Program 
Guidance for Field Samplers. 

Examples of sample documents used for custody purposes are provided in 
Appendix C (with the exception offield logbooks) and include the following: 
" Sample identification numbers, 
• Sample tags or labels, 
• Custody seals, 
• Chain-of-custody records or traffic reports, 
» Field logbooks, 
•• Sample Collection Forms, and 
• Analytical request forms. 
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During the field effort, the site manager or delegate is responsible for maintaining 
an inventory of these sample documents. This inventory will be recorded in a 
cross-referenced matrix ofthe following: 
• Sample location, _ 
• Sample identification number, 
" Analyses requested and request form numbers, 
• Chain-of-custody record numbers, 
• Bottle lot numbers, and 
• Airbill numbers. 

Brief descriptions ofthe major sample identification and documentation records 
and forms are provided below. 

2.3.1 Sample Identification 
All samples will be identified using the sample numbers assigned by the EPA 
RSCC. Each sample label will be affixed to the jar and covered with clear tape. 
A sample tracking record will be kept as each sample is collected. The following 
will be recorded: location, matrix, sample number, observations, and deptii. Ih 
addition to the EPA-assigned sample number, samples will be tracked with a 
sample code system designed to allow easy reference to the sample's origin and 
type. The sample code key will not be provided to the laboratory. Table 2-4 
summarizes the sample tracking and location codes. 

2.3.1.1 Sample Tags and Labels 
Sample tags attached to or fixed around sample containers will be used to identify 
all samples collected in the field. The sample tags will be placed on botties so as 
not to obscure any QA/QC lot numbers on the bottles, and sample information 
will be printed legibly. Field identification will be sufficient to enable the 
information to be cross-referenced with the project logbook. For 
chain-of-custody purposes, all QA/QC samples will be subject to the same 
custodial procedures and documentation as site samples. 

To minimize handling of sample containers, labels wUl be completed before 
sample collection to the extent possible. In the field, the labels will be filled out 
completely using waterproof ink, then attached firmly to the sample containers 
and protected with clear tape. The sample labels will provide the following 
information: 
• Samplenumber, 
• Sample location number, 
• Date and time of collection, 
• Analyses required, and 
• pH and preservation (when required). 

2.3.1.2 Custody Seals 
Custody seals are preprinted gel-type seals, designed to break mto small pieces if 
the seals are disturbed. Sample shipping containers (e.g., coolers, dmms. 
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cardboard boxes, etc., as appropriate) will be sealed in as many places as 
necessary to ensure security. Seals.will be signed and dated before use. Clear 
tape will be placed over the seals to ensure that the seals are not broken 
accidentally during shipment. Upon receipt at the laboratory, the custodian will 
check (and certify by completing the package receipt log) that seals on shipping 
containers are intact. 

2.3.1.3 Chain-of-Custody Records and Traffic Reports 
For samples to be analyzed at tiie EPA MEL or at a CLP laboratory, tiie chain-of-
custody records, analyses required forms, and/or analytical traffic report forms 
will be completed as described in the Contract Laboratory Program Guidance for 
Field Samplers (EPA 2004b). The EPA's FORMS II Lite software will be used 
to electronically enter information for the chain-of-custody and traffic report 
forms. The chain-of-custody record, analyses required forms, and analytical 
fraffic reports will be completed fully at least in duplicate by the field technician 
designated by the site manager as responsible for sample shipment to the 
appropriate laboratory. Information specified on the chain-of-custody record will 
contain the same level of detail found in the site logbook, except that the on-site 
measurement data will not be recorded. The custody record will include the 
following information: 
" Name and company or organization of person collecting the samples, 
" Date samples were collected, 
• Type of sampling conducted (composite or grab), 
• Sample number (using those assigned by the EPA RSCC), 
• Location of sampling station (using the sample code system described in Table 2-4), 
• Number and type of containers shipped, 
• Analysis requested, and 
• Signamre of the person relinquishing samples to the transporter, with the date and 

time of transfer noted and signature of the designated sample custodian at the 
receiving facility. 

If samples require rapid laboratory tumaround, the person completing the 
chain-of-custody record(s) will note these or similar constraints in the remarks 
section of the custody record. 

The relinquishing individual will record all shippmg data (e.g., air bill number, 
organization, time, and date) on the original custody record, which will be 
fransported with the samples to the laboratory and retained in the laboratory's file. 
Original and duplicate custody records, together with the air bill(s) or delivery 
note(s), constitute a complete custody record. It is the site manager's 
responsibility to ensure that all records are consistent and that they become part of 
the permanent job file. 

2.3.1.4 Field Logbooks and Data Forms 
Field logbooks (or daily logs) and data forms are necessary to document daily 
activities and observations. Documentation will be sufficient to enable 
participants to reconstmct events that occurred during the project accurately and 
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objectively at a later time. All daily logs will be kept in a bound notebook 
containing numbered pages. AH entries will be made in waterproof ink, dated, 
and signed. No pages will be removed for any reason. 

Minimum logbook content requirements are described in the E & E SOP entitled-
Field Activity Logbooks found in Appendix B. If conections are necessary, these 
conections will be made by drawing a single line through the original entry (so 
that the original entry is legible) and writing the conected entry alongside. The 
conection will be initialed and dated. Corrected enors may require a footnote 
explaining the conection. 

2.3.1.5 Photographs 
Photographs will be taken as directed by the team leader! Documentation of a 
photograph is cmcial to its validity as a representation of an existing situation. 
The following infomiation wUl be noted in the project or task log conceming 
photographs: 
• Date, time, and location where photograph was taken, 
• Photographer (signature), 
• Weather conditions, 
• Description of photograph taken, 
• Reasons why photograph was taken, 
• Sequential number of the photograph and the film roll number, 
• Camera lens system used, and 
• Direction. 

2.3.2 Custody Procedures 
The primary objective of chain-of-custody procedures is to provide an accurate 
written or computerized record that can be used to trace the possession and 
handling of a sample from collection to completion of all required analyses. A 
sample is in custody when it is: 
• In someone's physical possession, 
• In someone's view, 
• Locked up, or 
• Kept in a secured area that is restricted to authorized personnel. 

2.3.2.1 Field Custody Procedures 
The following guidance wUl be used to ensure proper control of samples while in 
tiie field: 
• As few people as possible will handle samples. 
• Coolers or boxes containing cleaned botties will be sealed with a custody tape 

seal during transport to the field or while in storage before use. Sample 
botties from unsealed coolers or boxes, or botties tiiat appear to have been 
tampered with, wUl not be used. 

• The sample collector will be responsible for the care and custody of collected 
samples untU they are fransferred to another person or dispatched properly 
under chain of custody mles. 
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" The sample collector wUI record sample data in the field logbook. 
• The site team leader wUl detemiine whether proper custody procedures were 

followed during the field work and wUl decide if additional samples are 
required. 

When transferring custody (i.e., releasing samples to a shipping agent), the 
following wUI apply: 
• The coolers m which the samples are packed wUl be sealed and accompanied 

by two copies ofthe chain of custody record(s). When transferring samples, 
the mdividuals relinquishing and receiving them must sign, date, and note the 
time on each of the chain of custody record(s). This will document sample 
custody transfer. 

• Samples will be dispatched to the laboratory for analysis with separate chain 
of custody records accompanying each shipment. The chain of custody 
records will be signed by the relinquishing individual, and the method of 
shipment, name of courier, and other pertinent information wUl be entered in 
the chain of custody record before placement in the shipping container. 
Shipping containers wUl be sealed with custody seals for shipment to the 
laboratory. 

• All shipments will be accompanied by chain of custody records identifying 
their contents. The original custody records kept in a zip-locking bag and 
taped inside the lid of the cooler will accompany each cooler shipment. The 
other copies will be distributed appropriately to the site team leader and site 
manager. 

• If sent by common carrier, a bin of ladmg will be used. Freight bUls and bills 
of lading will be retained as part of the permanent documentation. 

2.3.2.2 Laboratory Custody Procedures 
A designated sample custodian at the laboratory will accept custody of the 
shipped samples from the carrier and enter preliminary information about the 
package into a package or sample receipt log, including the initials of the person 
delivering the package and the stams ofthe custody seals on the coolers (i.e., 
broken versus unbroken). The custodian responsible for sample log-in will follow 
the laboratory's SOP for opening the package, checking the contents, and 
verifying that the information on the chain-of-custody agrees with the samples 
received. The commercial laboratory will follow its intemal chain-of-custody 
procedures as stated in the laboratory QA manual. The laboratory will check the 
temperature blank inside the cooler and document it in the sample log-in form. 
Should the temperature be greater than what is required by the Statement of Work 
or the method, the sample custodian wUI inform the region and proceed to follow 
the course of actions stipulated in the SOW or specified by the regional QAO. 

2.4 Analytical Methods Requirements 
This subsection discusses tiie analytical strategy (subsection 2.4.1) and tiie 
analytical methods (subsection 2.4.2). 
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2.4.1 Analytical Strategy 
Analysis of samples collected during the SI will be performed by several possible 
means. The MEL (or altemative laboratory designated by the EPA) will perform 
all requested. 

The analyses to be applied to samples sent to the laboratory are listed in Table 
2-2. These analyses were selected based on the probable hazardous substances 
used or potentially released to the environment, given the known or suspected site 
usage. 

2.4.2 Analytical Methods 
Samples designated for off-site analytical laboratory analyses will be submitted to 
the MEL or an altemative laboratory designated by the EPA and the 
START-3-subcontracted commercial laboratory. EPA and/or CLP laboratory 
analyses will take place within the standard three-week tumaround time period, 
with validation by the EPA QA office for these analyses taking place withm the 
standard three-week tumaround time period. Hardcopy results from the MEL 
and/or CLP laboratories will be delivered to the EPA upon completion of each 
sample delivery group. Electronic results from the MEL and/or CLP laboratories 
wUl be delivered to the EPA upon project completion. START-3 sub-confracted 
laboratory analyses will take place within the standard four-week tumaround time 
period with validation by START-3 chemists for these analyses taking place 
within the standard two-week mmaround time period. Hardcopy and elecfronic 
data results from the subcontracted commercial laboratory wUl be delivered to the 
START-3 upon completion of each sample delivery group. Table 2-2 summarizes 
laboratory instmmentation and methods to be used for the Eka SI. 

For cases in which laboratory results exceed QC acceptance criteria, reextraction 
and/or reanalysis wiU occur as indicated in the applicable analytical method. 
Commercial laboratory results (preliminary data) will be available within two 
weeks of sample receipt. Field laboratory results wUl be avaUable within 24 
hours. The respective laboratory analysts will be responsible for ensuring that 
appropriate sample analysis procedures are followed and for taking appropriate 
actions to ensure deficiency conection 

2.5 Quality Control Requirements 
QC checks for sample collection wUl be accomplished by a combination of 
chain-of-custody protocols and laboratory QA procedures as prescribed in the 
sampling or analytical methods. No QC samples (i.e., double blind perfonnance 
evaluation samples) are planned for this activity outside of the normal laboratory 
QC criteria outiined in the analytical metiiods. These QC samples include blanks, 
calibration verifications, spikes, duplicates, (for inorganics) interference check 
samples, and serial dUutions. Results from these samples will be compared to QC 
requirements listed in subsection 4.1.2. All ofthe analyses that will be perfomied 
for tiiis project will produce definitive data. Data quality indicator targets for this 
project are specified in subsection 1.4 (Data Quality Objectives) and are 
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summarized in Table 2-2 of this SQAP. Bias on estimated qualified data shall be 
determined by the validation process. In accordance with the objectives outiined 
in this document and the QA levels defined by the EPA (1993), the EPA has 
defined the DQOs and has determined that the sampling and analyses performed 
under this sampling effort will conform to the definitive data without quantitative 
enor and bias determination criteria. The laboratories' DQOs for completeness 
and the field team's ability to meet the DQO for representativeness are set at 
90%. Precision and accuracy requirements are outiined in Table 2-3. 

One temperamre blank consisting of a 40-miUUiter glass vial of distilled water 
wUl be mcluded in each cooler shipped to the analytical laboratories. 
Temperature blanks allow the laboratories to obtain a representative measurement 
of the temperature of samples enclosed in a cooler witiiout distiirbing the actual 
samples. The field team wUl package and label the temperature blank like a 
regular water sample, however the analytical laboratory wUl only measure the 
temperature of the blank. The temperature blank wUl not be analyzed for 
hazardous substances, wUl not be given a sample number, and wUl not be listed 
on the chain of custody form. The temperature blank wUl be clearly labeled: 
USEPA COOLER TEMPERATURE INDICATOR. 

2.6 Instrument/Equipment Testing, Inspection, and 
Maintenance Requirements 

The field equipment used during this project includes the GPS unit and an organic 
vapor analyzer/flame ionization detector. Testing, inspection, and maintenance of 
these instruments will be performed in accordance with the manufacturers' 
recommendations and/or the SOPs listed in subsection 2.2.4. Spare parts for the 
field equipment will be available from the manufacturer generally within 24 
hours. The parts wiU be avaUable to the field team within 48 hours of ordering. 

All field instmments and equipment used for analysis will be serviced and 
maintained only by qualified personnel. All instmments will be maintained by 
senior staff and/or electronics technicians. All repairs, adjustments, and 
calibrations wUl be documented in an appropriate logbook or on a data sheet that 
will be kept on file. The instmment maintenance logbooks will clearly document 
the date, the description ofthe problems, the correcfive action taken, the result, 
and who performed the work. 

All equipment used by E & E in the field is subject to standard preventive 
maintenance schedules established by corporate equipment protocols. When in 
use, equipment wUl be inspected at least twice daily, once before startup in the 
moming and again at the end of the work shift before ovemight storage or retum 
to the charging rack. Regular maintenance, such as cleaning of lenses, 
replacement of in-line filters, and removal of accumulated dust, is to be conducted 
according to manufacturers' recommendations and in the field as needed, 
whichever is appropriate. All performed preventive maintenance wUl be entered 
in the individual equipment's logbook and in the site field logbook. 
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In addition to preventive maintenance procedures, daUy calibration checks wUl be 
performed at least once daUy before use and recorded in the respective logbooks. 
Additional calibration checks will be performed as required. All logbooks will 
become part of either the permanent site file or the permanent equipment file. 

2.7 Instrument Calibration and Frequency 
All instmments and equipment used during fixed laboratory sample analyses wUl 
be operated, calibrated, and maintained according to the manufacturers' 
guidelines and recommendations, as well as criteria set forth in the applicable 
analytical methodology references and/or in accordance with the laboratory's QA 
manual and SOPs. 

For the field instmmentation (GPS unit and other instmmentation discussed 
previously), calibrations will be performed in accordance with the manufacturers' 
recommendations and the SOPs listed in subsection 2.2.4. 

2.8 Inspection/Acceptance Requirements for Supplies and 
Consumables 

This infonnation is covered by tiie SOPs, tiie START-3 QAPP (E&E 2005b), 
and tiie START-3 QMP (E&E 2005a). Standards contamed in tiiese documents 
wUl be used to ensure the validity of data generated by E & E for tiiis project. 
Sample jars are precleaned by tiie manufacturer; certification documentmg this is 
enclosed with each box of jars. The START-3 will include this documentation as 
part of the site file. Nondedicated equipment is demonstrated to be 
uncontaminated by the use of rinsate blanks. 

2.9 Data Acquisition Requirements (Nondirect Measures) 
No data will be used from other sources. 

2.10 Data Management 
This document is meant to be combined with information presented in E & E's 
QAPP and QMP for Region 10 START-3. Copies of tiie START QAPP and 
QMP are available in E & E's Seattle office. Standards contained in these 
documents wUl be used to ensure the validity of data generated by E & E for this 
project. Data validation wUl be performed as listed in subsection 4.1.2. Data 
tracking, storage, and retrieval are tracked through the TDD Ablue sheet,® which 
records where the paper and elecfronic data are located. AU paper data is stored 
m locked file cabinets; access to these files is restricted to key START-3 
persormel. Electtonic data wUl be archived by TDD. 

2-13 
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Table 2-1 Samole Collection Summarv 
Measurements 

Project Sampling; , Sample Classification Nonstandard, 
Sampling; Parameters/ Design Design * -; 'Selection : j (Critical/ Method 
Schedule"; Limits ' . Rationale Assumpti<^ns ' - Procedures : : Noncritical) Validation 
Soil Samples 

Groundwater Samples 

Perchlorate and 
Sodium Chlorate 

Perchlorate and 
Sodium Chlorate 

Determine if 
contaminants 
are present. 

Detennine if 
contaminants 
are present. 

Contaminants 
were historically 
released to tlie 
soil. 
Contaminants are 
migrating from tlie 
site to 
groundwater. 

Samples will be collected 
from potentially 
contaminated areas.'' 

Samples will be collected 
from potentially 
contaminated areas.'' 

Critical 

Critical 

NA 

NA 

Notes: 
° All samples will be collected during the field event. 
*" As indicated from previous site visits and from on-site observations. 

I 

Key: 
Critical = Required to achieve project objectives or limits on decision errors 
NA = Not Applicable 
Noncritical Not required to achieve project objectives 



Table 2-2 Sample Analysis Summary 
, ::••.•: v . : 4 . , ; , , : ' ; • - - - v y^Ai^^ticar ' ' • ' ^'^^V'^-'-^^S?^^ 

:•.- '.•,J.:.'.'\ •'•>•: . . . : ; - , .1, ^;Pai^iameters/ •. ... --;•.., :.:5,-,Sample«S;pii?",.>: Li' ,.:t^^chjti!ealv,ij«|i!is§i 
Matrix; ::.; t: ,̂ .'Quantity^-.^ .. \ .....:..: ..Metliod , . . -•I '^.SPhBs^tlSt^!^^':• ' . . . . '^.HSlMin 

Soil 

Water 

Up to 65 
samples 

up to 15 
samples 

Perchlorate (EPA SW-846 Method 
6860) 

Sodium Chlorate (Modified EPA 
Metliod 300.0) 

Perchlorate (EPA SW-846 Metiiod 
6860) 

Sodium Chlorate (Modified EPA 
Method 300.0) 

Cool to 4''C ± 2°C 

Cool lo 4°C ± 2°C 

28 days from collection to 
exti'action & 

28 days from extraction to 
analysis 

28 days from collection to 
analysis 

U:4;< • :.4!J^^|fm#!<||3»^$i.^A£:g| 
f;,. ;:.:$: .:;l33^(3niiiije:r(&L'':;:i5g;i 
1 One 8-ounce amber glass jar 

1 Two 500-ml polyethylene 
bottles (the perchlorate sample 
must be filtered during 
collection with a 0.2 um PTFE 
membrane filter) 

Notes: 
° The number of samples presented is an estimate; the actual number of samples to be collected will be determined in tiie field. 

Technical holding limes have been established only for waler matrices. Water technical holding limes were applied lo sediment, soil, and product samples when applicable; in 
some cases, recommended sediment/soil holding times are listed. 

t o 



Table 2-3 QA/QC Analytical Summary and Fixed Laboratory Analvtical Methods 

K> 

OS 

Laboratory 

EPA Region 
10 or 
Commercial 
Laboratory 

Matrix 

Soil 

Water 

Paramete rs / 
Method 

Perchlorate (EPA SW-
846 Metiiod 6860) 
Sodium Chlorate 

(Modified EPA Method 
300.0) 

Perchlorate (EPA SW-
846 Method 6860) 
Sodium Chlorate 

(Modified EPA Method 
300.0) 

"^ Method^ 
.:?Descripti6, 

: ! • " ' l 
: jDetectipn 

i .Limits 
IC/ESl/MD / 

0.1 mg/kg 

IC/ 
1 mg/kg 

IC/ESI/MD / 
0.05 |ig/L 

IC/ 
lUfi/L 

>n;otai:": 
S i e ld t i ' 

Sarnpies ! | ; 
CciiitaineiJ 

" • • " ' • s 

65/65 

15/15 

..^ ;?.. -i^QA/QC SampleiSuit imary 
r^':&-^ : W i ^ - : : i i : « -•• 
.»Org'anic.-;;";~;?;.."-.«; J J : : --.'•• , 
•.MS/MSfD:^^;i Field % a Liib • v 

; - ? i jHt |upli | :ate% Dupiiicate 
4/0 

1/2 

0 

. 0 

0/0 

0/0 

•^ • i ; ; f - ••• 

•T Rinsate 
.Blank 

NA 

NA 

' • • ' % • • " ' - - " , -

Trip 
Blanks ' 

NA 

NA 

• • t o t a l Fi^id alicI:? 
V - :. QA/QC ; 

Analyises/' 
Conta iners 

69/65 

3/4 

• -Prec is ion ?. 
; - and. .• 

A5ccurtfcy° 
3 5 % / 

65%-135% 

30%/ 
70%-130% 

Notes: 
° Total number of field samples is estimated. 
b No extra volume is required for soil/sediinerit or product samples; fbr water samples, triple volume is required for organic analyses, and double volume is required for inorganic analyses. 
Sample numbers are based on 1 matrix spike/matrix spike duplicate (MS/MSD) per 20 samples per matrix. 
c The total number ofrinsate samples could varj'depending on the tolal number of samples collected. The sample numbers are based on one rinsate per 20 samplesper nondedicated sampling device. Note that rinsate 
blanks consist of water aliquots for both soil and water field samples. 
d The total number of trip blanks could vary depending on the total number of .sample shipments This number is based on the estimated number of shipping containers. 
Note that trip blanks consist of water aliquots for both soil and water field samples. 
e Total analyses and containers includes both field and QA.'QC aliquots to be submitted for fixed laboratory' analysis. Note that trip blanks and rinsate blanks consist ofwater aliquots for 
both soil and water field samples. 

Key: 
EPA 

ESI 

GCS 

IC 

= Environmental Protection Agency 

= Electrospray Ionization. 

= Gas chromatographic separation. 

= Ion chromatography. 

MD = Mass spectrometric detection. 

MS/MSD = Matrix spike/matrix spike duplicate. 

Hg/L = micrograms per liter. 

NA = Not applicable. 

NDMA = N-nitrosodimethylamine. 

QA = Quality assurance 

QC = Quality control. 
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Table 2-4 Sample Codinq 

2. Measurement/Data Acquisition 

Digits 

u 

3,4 
5,6 

7,8 

Description 
Area 

Consecutive Number 
Matrix Code 

Consecutive Number 

Code 
AL 
BK 
PC 

CL 

SC 

SS 

01, 
GW 
RS 

SB 
01 

Example 
Acid Loading Area 
Backgroimd 
North of Paper Chemical 
Processing Building 
Sodium Chlorate Loading 
Area 
South of Sodium Chlorate 
Loading Area 
South of Storage Tanks and 
Silos 
First Sample of Source Type 
Groundwater 
Rinsate 

Subsurface Soil 
Lowest depth of subsurface 
soil sample 
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Source: LFR 2007. 

— E — I t — H M-—t^^t—li—»'—1l^ 

] 

BO 

01 
u 

ifc 
O 

Chlorate 
Process 
Building 

Acid Loading 
Equipment 

B-6, 
Sodium Chlorate 
Loading Area 

O 
Silo 

' • B - 5 

• B - 3 «> .. 

\ 1 

Paper Chemicals 
Process Building-

ZUQZ] t ' 
Silos & Tanks ® 

® ® 

Collection Pond 

Key: 

• Samples Collected September 2007 

® Proposed Sample Locations 

Note: Sample locations arc appro.ximatc. 

©Background 
Water 
Cooling 

® 

ecology and environment, inc. 
Internationa) Specialists In the Environment 
Seattle, WasMngton 

EKA CHEMICALS, INC. 
Moses Lake, Washington 

75 150 

Approximate Scale in Feet 

Figure 2-1 

SITE MAP 

Date; 
7-8-08 

Drawn by: 
AES 10;START-3\080500Q5\fig 2 
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Assessment/Oversight 

3.1 Assessment and Response Actions 
The EPA QAO or designee may conduct an audit of the field activities for this 
project. The auditor will have the authority to issue a stop work order upon 
finding a significant condition that adversely would affect the quality and 
usability ofthe data. The EPA TM will have the responsibility for initiating and 
implementing response actions associated with findings identified during the site 
audit. The actions taken also may involve the EPA PO, contracting officer, 
and/or QAO. Once the response actions have been implemented, the EPA QAO 
or designee may perform a follow-up audit to verify and document that the 
response actions were implemented effectively. In-house audits performed by the 
START-3 may be conducted in accordance with the E & E START-3 Quality 
Management Plan (2005a). No audits are planned for the Eka SI. 

If major deviations from the QA requirements ofthe project and the CLP SOW 
were observed in the data validation process, the EPA QAO will contact the 
laboratory to correct the problem. If the laboratory is not responsive to the 
request, the QAO will inform the CLP Regional PO and the TM of the situation. 
A brief narrative will be written explaining the contract deviations and 
recommendations will be given based on the quality of the submitted data. 
Reduced payment and/or reanalysis at the laboratory's expense shall be pursued 
by the Regional CLP PO. Resampling and subsequent re-analysis will be decided 
by the TM. Additional sampling for corrective actions and/or any addendum to 
this SQAP shall be documented using the Corrective Action Form and the SPAF 
(Appendix D). Corrective actions will be conducted in accordance with E & E 
QMP specifications. 

3.2 Reports to Management 
Debriefing ofthe EPA TM occurs by the START-3 PM on a daily basis. 
Laboratory deliverables wUl be as specified in the CLP Organic Statement of 
Work (SOMO 1.2) for CLP data, CLP-equivalent deliverables for MEL data, and 
as specified in the laboratory subcontract bid specification package for 
commercial laboratoiy data. Once the project is complete and the resulting data is 
obtained, the START-3 PM wUl prepare a final project report. The report will 
include a summary ofthe activities performed during the project and the resulting 
data (along with any statements conceming data quality). The report will be 
approved by the EPA TM prior to being forwarded to the individuals identified in 
the data distribution list located in the Table of Contents section of this SQAP. 
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3. Assessment/Oversight 

The START-3 corrective action program is addressed in Section 3 of the QMP. 
Corrective actions will be conducted in accordance with these QMP 
specifications. 

3-2 
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Data Validation and Usability 

4.1 Data Review, Validation, and Verification 
Requirements 

The data validation review of data packages wUl include an evaluation of the 
information provided on the analytical data sheets and required support 
documentation for all sample analyses; the supporting sample collection 
documentation, including chain-of-custody forms; and documentation offield 
instrument calibration, sample results, and/or performance checks (if required by 
the method). The QA review also will examine adherence to the procedures as 
described in the cited SOPs and the specified analytical methods in the SQAP. 

4.1.1 Data Reduction 
Data reduction includes all processes that change the numerical value of the raw 
data. All fixed-laboratory data reduction wiU be performed in accordance with 
the appropriate methodology and will be presented as sample results. 

4.1.2 Data Validation 
Analytical data generated through the CLP contract will be validated in a three 
week tum around time by the Region 10 QA office or its designee. Data 
generated by the MEL will be validated by the EPA TM designated validator (i.e., 
EPA QA office or contractor). Validation of data generated by subcontracted 
laboratories will be performed by E & E. All of the data validations will be 
performed in accordance with the QA/QC requirements specified in the SQAP, 
the technical specifications ofthe analytical methods, and the following 
documents: 
• USEPA Contract Laboratory Program National Functional Guidelines for 

Superfund Organic Methods Data Review (EPA 2008). 

The QC parameters of interest for the EPA organic methods that will be used on 
the Eka Sl samples are presented in these documents. When applicable, QC 
criteria listed in the applicable analytical methods and/or the SOW will be used 
for validation. 

Validation deliverables will include a QA memo discussing QA conformance and 
deviations issues which may have affected the quality of the data. Data usability, 
bases of application of qiialifiers, and percentage of qualified data will also be 
discussed in the QA memo. The analysis data sheets (Forms I) with the applied 
validation qualifiers and bias determination for estimated-qualified values wUl 
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4. Data Validation and UsabiUty 

also be a part of the validation deliverables. The following qualifiers shall be 
used in data validation: 

• U = The material was analyzed for but was not detected. The associated 
numerical value is the sample quantitation limit. 

• J = The associated numerical value is an estimated quantity because the 
reported concentrations were less than the sample quantitation limits or 
because quality control criteria limits were not met. 

• UJ = The material was analyzed for, but not detected. The reported 
detection limit is estimated because Quality Control criteria were not 
met. 

• R = The sample results are rejected (analyte may or may not be present) due 
to gross deficiencies in quality control criteria. Any reported value is 
unusable. Resampling and/or reanalysis is necessary for verification. 

» H = High bias. 
• K = Unknown bias. 
• L = Low bias. 
• Q = Detected concentration is below the method reporting limit/Contract 

Required Quantitation Limit, but is above the method quantitadon limit. 

4.1.3 Data Assessment Procedures 
Following data validation and reporting, all project-generated and -compiled data 
and information will be reconciled with the objectives specified in subsection 
1.3.1 to assess the overall success of Sl activities. This data assessment, 
including points of achievement and departure from project-specific objectives, 
will be discussed in the QA section ofthe Sl report. 

4.2 Data Verif ication 
The analytical QA requirements and data validation requirements will be as 
specified in subsection 4.1.2 (EPA 2008). 

The EPA TM will perform the final review and approval of the data. The EPA 
TM and/or QAO will look at matrix spike/matrix spike duplicates, laboratory 
blanks, and laboratory duplicates to ensure that they are acceptable. The EPA 
T M and/or designee also will compare the sample descriptions with the field 
sheets for consistency and will ensure that any anomalies in the data are 
documented appropriately. 

Data QA memoranda reports will be generated as part of the Eka SI if the 
START-3 is responsible for data validation. If the EPA Region 10 QA office or 
its designee performs the data validation, then additional reports regarding data 
usability will be generated by the START-3. 

4.3 Reconcil iat ion wi th Data Quality Objectives 
The data quality indicators target for this project is discussed in subsection 1.4 of 
this SQAP. The data validation will be used as a tool to detennine if these targets 
were met. Also, using the compiled data, E & E and the TM will determine the 

4-2 
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4. Data Validation and Usability 

variability and soundness of the data and the data gaps that will need to be filled 
to meet the objectives of the project. 

Once the data results are compiled, the EPA TM and/or the EPA QAO 
wUl review the sample results to determine if they fall withm the acceptance 
limits as defined in this SQAP. Completeness also will be evaluated to determine 
if the completeness goal for this project has been met. If data quality indicators 
do not meet the project's requirements as outlined in this SQAP, the data may be 
discarded and resampling and reanalysis may occur. The TM will attempt to 
determine the cause ofthe failure (if possible) and make the decision to discard 
the data and resample. If the failure is tied to the analysis, calibration and 
maintenance techniques will be reassessed as identified by the appropriate 
laboratory personnel. If the failure is associated with the sample collection and 
resampling is required, the collection techniques will be reevaluated as identified 
by the START-3 PM. 
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A Photographic Documentation 



EKA CHEMICALS, INC. 
Moses Lake, Washington 

Photo 1 Rail car area. Location of May 2007 spill. 

Direction: North Date: 2/14/2008 Time: 10:56 

Photo 3 Chemical storage area. 

Direction: North Date: 2/14/2008 

^ . . • • 

Time: 11:06 

T D D Number: 07-12-0012 

Photo 2 Rail car area. Location of May 2007 spill. 

Direction: South Date: 2/14/2008 Time: 10:57 

Photo 4 450,000 gallon collection pond. 

Direction: Southwest Date: 2/14/2008 Time: 11:08 



EKA CHEMICALS, INC. 
Moses Lake, Washington 

Photo 5 450,000 gallon collection pond. City Well #17 in 
background. 
Direction: Southwest Date: 2/14/2008 Time: 11:11 

mm 
Photo 7 Surface water drainage ditch. 

Direction: Northeast Date: 2/14/2008 Time: 11:19 

TDD Number; 07-12-0012 

Photo 6 Loading area, location of December 2007 explosion. 

Direction: North Date: 2/14/2008 Time: l l ^ . l f 

Photo 8 Surface water drainage ditch. 

Direction: North Date: 2/14/2008 Time: 11:20 



EKA CHEMICALS, INC. 
Moses Lake, Washington 

T D D Number: 07-12-0012 

Photo 9 Surface water drainage ditch with planned NPDES outfall 

Direction: Southwest Date: 2/14/2008 Time: 11:22 
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1. Introduction 

1.1 Scope 

This document presents an in-depth discussion ofthe techniques used to obtain subsur­
face soil samples fi-om boreholes. 

1.2 Objectives 

Most subsurface investigations require the drilling of boreholes for one or more purposes, 
including: collection of soil samples for lithologic logging and laboratory testing; lithologic and 
hydrogeologic characterization using borehole geophysical logging; and installation of piezome­
ters or monitoring wells. Drilling methods are selected based on availability and cost; suitability 
for the type of geologic materials at a site (imconsolidated or consolidated); and possible effects 
on sample integrity (potential influence of drilling fluids and for cross contamination between 
aquifers). 

A wide variety of drilling methods have been developed that may be suitable for one or 
more ofthe purposes described above. Table 1 summarizes information on 21 drilling methods. 
The hollow-stem auger (HSA) is the most commonly used method for well installation in uncon­
solidated deposits. Air rotary drilling is probably the most commonly used method for well in­
stallation in consolidated formations. Table 2 provides information on the relative performance 
of 11 ofthe drilling methods listed in Table 1 for different types of geologic formations. Sub­
surface soil samples are collected from boreholes for chemical and physical analysis, and to aid 
m the definition and tracking of contaminants in the soil. The type subsurface soil sample may 
be either undisturbed or disturbed, and either composite or discrete. The type of sample to be 
collected depends on the purpose ofthe investigation and the drilling technique. 

2. Drilling and Sampling Techniques 

The most accurate method for obtaining information on the characteristics of unconsoli­
dated deposits is to collect representative samples of soil at measured depths and at intervals that 
will provide a complete stratigraphic and lithologic profiles of soils and bedrock, respectively. 
For most boreholes, subsurface soil samples are collected continuously, at 2- or 5-foot intervals, 
or at every change in the formation. 
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Table 1 Summary Information on Drilling Methods 

Drill Method 
Casing/Open 

'' Hole 
Fluids Affect 

Chem.?-
Core 

Samples? 
Open-Hole Rotary Methods 
Hollow-Stem Auger 
Direct Air Rotary with Bit 
Direct Air Rotary with Downhole 
hammer 
Direct Mud Rotary 
Reverse Rotary (no casing) 
Cable Tool 

Open hole 
Open hole 
Open hole 

Open hole 
Open hole 
Either 

Usually no fluids 
Yes 
Yes 

Yes 
Yes 
Usually no 

Possible 
Possible 
Possible 

Possible 
Possible 
Possible 

Rotary Drill-Through Methods 
Rotary Casing Driver 
Dual Rotary Advancement 

Casing 
Casing 

Yes 
Yes 

Possible 
Possible 

Reverse Circulation Methods 
Reverse Duel Wall Rotary 
Reverse Duel Wall Percussion 
Hydraulic Percussion 
Downhole Casing Advancers 
Jet Percussion 
Jetting 
Solid-Stem Auger 
Bucket Auger 
Rotary Diamond 
Directional Drilling 
Sonic Drilling 
Driven Wells 
Cone Penetration 

Casing 
Casing 
Casing 
Casing 
Casuig 
Open hole 
Open hole 
Open hole 
Open hole 
Either'' 
Either 
Either 
Open hole 

Yes 
Yes 
Yes 
Yes 
Possible 
Possible 
No 
No . 
Possible 
Possible 
Possible 
No 
No 

Possible 
Possible 
Possible 
Possible 
Possible 
No 
Possible 
Possible 
Yes 
Possible^ 
Yes 
No 
Possible" 

Sampling with a device resembling a spl 
Geoprobe has developed a core sampler 

it spoon may be possible with some directional rigs, 
for use with a cone penetrometer type (CPT) rig. 

Key: 

Shading indicates most commonly used methods for monitoring well installation. 



Table 2 Relative Performance of Different Drilling Methods in Various Types of Geologic Formations 

Type of Formation 

: t 

Direct 
Rotary 

(with fluids) 

Direct 
/ Rotary 
(with air) 

; Direct Rotary 
! (Down^the-
; hole-air 

1 hammer) 

Direct Rolary t 
(Drill-through t 

• casing' 
hammer) 

• Reverse i 
Rotary ! 

- (with fluids)' 

Reverse 
Rotary 

(Dual Wall 
Hydraulic 

Percussion 

Dune sand 
Loose sand and 
gravel 
Quicksand 
Loose boulders 
in alluvial fans 
or glacial drift 
Clay and silt 
Firm shale 
Sticky shale 
Brittle shale 
Sandstone— 
poorly cemented 
Sandstone—well 
cemented 
Chert nodules 
Limestone 
Limestone with 
cheit nodules 
Limestone with 
small cracks or 
fractures 
Limestone, cav­
ernous 
Dolomite 
Basalts, thin lay­
ers in sedimen­
tary rocks 
Basalts—thick 
layers 
Basalts—highly 
fractured (lost 
circulation 
zones) 

2 
2 

2 
3-2 

3 
5 
3 
5 
3 

3 

5 
5 
5 

5 

5 

5 
5 

3 

3 

5 
3-5 

5 
2-1 

• 5 

5 
5 
5 
4 

3 

3 
5 
3 

3 

3-1 

5 
3 

3 

1 

NR 
NR 

NR 
NR 

NR 
NR 
NR 
NR 
NR 

5 

3 
5 
5 

5 

2 

5 
5 

4 

, 3 

NR 
NR 

NR 
NR 

NR 
NR 
NR 
NR 
NR 

NR 

NR 
6 
6 

6 

, 5 

6 
6 

5 

3 

6 
6 

6 
5 

5 
5 
5 
5 

NA 

NA 

NA 
NA 
NA 

NA 

NA 

NA 
NA 

NA 

NA 

5= 
5" 

5' 
2-1 

5 
5 
3 
5 
4 

3 

3 
5 
3 

2 

1 

5 
3 

3 

1 

6 
6 

6 
4 

5 
5 
5 
5 
5 

5 

3 
5 
3 

5 

5 

5 
5 

4 

4 

5 
5 

5 
1 

3 
3 
3 
3 
4 

3 

5 
5 
5 

5 

1 

5 
5 

3 

1 

5 
5 

5 
1 

3 
NR 
NR 
NR 
NR 

NR 

NR 
NR 
NR 

NR 

NR 

NR 
NR 

NR 

NR 

3 
3 

NR 
NR 

NR 
NR 
NR 
NR 
NR 

NR 

NR 
NR 
NR 

NR 

NR 

NR 
NR 

NR 

NR 

1 
1 

I 
1 

3 
2 
2 

NA 
NA 

NA 

NA 
NA 
NA 

NA 

NA 

NA 
NA 

NA 

NA 

'I'O 

•IO 



Table 2 Relative Performance of Different Drilling Methods in Various Types of Geologic Formations 

Type of Formation 

Direct 
Rotary 

with fluids) 

Direct 
Rotary 

(with air) 

, Direct Rotary 
i (Down-the-

hole-air 
1 hammer) 

Direct Rotary 
(Drill-through 

casing 
hammer) 

Reverse i' Reverse [ 
Rotary , Rotary Hydraulic 

(with fluids) I (Dual Wall), Percussion Jetting 
Metamorphic 
rocks 
Granite 

3 

3 

3 

3 

4 

5 

5 

. 5 

NA 

NA 

3 

3 

4 

4 

3 

3 

NR 

NR 

NR 

NR 

NA 

NA 
' Assuming sufficient hydrostatic pressure is available to contain active sand (under high confining pressures). 

Rate of Penetration: 

1 = Impossible 
2 = Difficult 
3 = Slow 
4 = Medium 
5 = Rapid 
6 = Very rapid 

Key: 

NA= Not applicable. 
NR= Not recommended. 

Source: Driscoll (1986). 
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2.1 Disturbed and Undisturbed Samples 

Soil samples from unconsolidated deposits can be collected as disturbed or undisturbed 
soil samples. Disturbed soil samples are produced by HSA drilling and are therefore referred to 
as drill cuttings. The components ofa HSA are shown in Figure 1. Disturbed samples are not 
representative ofthe formations penetrated because ofthe possible sorting and grinding ofthe 
cuttings while being carried to the surface. In general, disturbed samples do not contain detailed 
lithologic information, and the depth at which the soil is encountered is not precisely known. 
Undisturbed soil samples are collected by a variety of sampling devices, including the split-
barrel sampler (see Figure 2), the Laskey sampler (see Figure 3), and the Shelby tube sampler. 
The collection of undisturbed samples helps to ensure the preservation of detailed lithologic in­
formation such as the degree of consolidation, sorting, bedding, etc., and provides a more accu­
rate determination of sample depth. 

Drive Cap 

Piloi Assembly 
Components 

Cenler Plug -

Pilot Bit 

OT_^.^ Rod lo Cap 
' Adapter 

-Auger Connector 

. Hollow Stem 
Auger Section 

Center Rod 

-Auger 
Connector 

• Auger Head 
- Replaceable Caitiide insert 
Auger Tootfi 

Figure 1 Typical Components of a Hollow-Stem Auger 
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DriBRod 
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Ball Check 
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Figure 2 Split-Spoon or Split-Barrel Sampler 

Auger Orill Rig "^-M 

Auger Flight 
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Split-Barrel Sampler 
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t '̂-.-r.r.'.T I Hivv,"!.;;-: 
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t i -T •• I f ' : ' - Vl" t ' - t r - 1 '"tr' 

Auger Head 

Figure 3 Continuous Sampling Tube System 
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2.2 Discrete and Composite Samples 

Discrete samples are obtained from a specific depth and are used when detailed analytical 
information about overburden soils is required. Analysis of discrete imconsolidated soil samples 
provides more accurate information on the depth of contamination. 

Composite samples are prepared from aliquots of discrete samples. They are used for 
obtaining a representative sample from a subsurface interval for analytical purposes. Composite 
samples are not appropriate for use in stratigraphic description. 

3. Borehole Drilling 

3.1 Inspection and Cleaning of Sampling Equipment 

Proper cleaning, including steam-cleaning, of the drill rig, down-hole equipment, and 
sampling equipment, should be performed upon arriving at fhe site and between drilling loca­
tions. ..This is necessaryto minimize the potential introduction of contaminants into unconsoli­
dated soil samples. The drill rig should also be checked repeatedly for oil and hydraulic fluid 
leaks. These precautions are essential to ensure that contaminants from the drilling process are 
not introduced into the samples. If specified in the site-specific work plan (SSWP), all non-
disposable sampling equipment may need to be decontaminated according to specific procedure 
referenced in the SSWP. 

3.2 Hollow-Stem Auger Drilling 

A HSA column simultaneously rotates and axially advances by a mechanically or hydrau­
lically powered drill rig. The hollow stem ofthe auger allows the use of various methods for 
continuous or intermittent sampling of subsurface soils. HSA colmnns are manufactured in 5-
foot lengths and have inside diameters (IDs) ranging from 2.25-inch ID to 10.25-inch ED. Drill­
ing with augers of different diameters makes possible the use of casings to isolate near-surface 
contamination while drilling continues with a smaller-diameter auger. In addition, the riser and 
screen for monitoring wells can be placed in the HSAs when the desired depth of drilling has 
been reached, and filter pack and grouting can be emplaced as the HSAs are gradually withdrawn 
from the hole. 

Ifa split-barrel soil sampler is used to collect samples from unconsolidated deposits, a 
center plug with the same diameter as the HSAs, and a section of drilling rod are placed inside 
the lead flight. The HSAs are advanced through the imconsolidated deposit to the first sampling 
interval, and the center plug is then removed from the HSA. A precleaned split-barrel soil sam­
pler is attached to the end ofthe drilling, rod and lowered into the HSAs. A safety hammer is at­
tached to the top ofthe drilling rod and the split-barrel soil sampler is driven into the undisturbed 
soil in an increment of 2 feet. The split-barrel soil sampler is then raised and opened to remove 
the soil sample. The center plug is then re-placed into the HSAs, and another HSA flight is at-
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tached to the top ofthe flight already in the ground. The process is repeated until bedrock is en­
countered or the project depth is reached. 

A Laskey soil sampler is used to collect a continuous 5-foot soil sample while the HSAs 
are turning. The Laskey soil sampler is used instead ofa center plug in 4.25-inch HSAs, and the 
head ofthe sampler is advanced ahead ofthe HSAs by 2 to 6 inches. Upon completion ofa 5-
foot nm of HSAs, the Laskey soil sampler is recovered and opened in a maimer similar to a split-
barrel sampler. Following sample collection and decontamination ofthe Laskey soil sampler, 
the sampler is re-placed into the HSAs, and another flight of HSAs is attached to the top ofthe 
flight already in the ground. 

A Shelby tube sampler is used to collect samples of undisturbed overburden usually, for 
collection of geotechnical samples. Shelby tubes are available in a variety of diameters and 
lengths. The most common Shelby tubes are 3 to 5 inches l.D. and 18 to 30 inches long. Once 
the HSAs have reached the top ofthe interval to be sampled, the drilling rods holding the center 
plug are withdrawn from the HSAs. The Shelby tube is then attached to the end ofthe drilling 
rod and lowered into the HSAs. The Shelby tube is "pushed" out the bottom ofthe HSAs to the 
prescribed depth and then retrieved. The tube is not opened in the field; the ends are sealed (with 
wax) and it is shipped to the laboratory intact. The process is repeated unfil bedrock is encoun­
tered or the project depth is reached. 

3.3 Direct Air Rotary, Mud Rotary, and Downhole Hammer Drilling 

The basic rig setups for air or mud rotary with tri-cone or roller-cone bit are similar, ex­
cept for the circulation medium used. Compressed air or mud is circulated down through the 
drill rods to cool the bit and carry cuttings up the hole to the surface. For air rotary drilling, a 
cyclone separator is used to slow the air velocity and allow the cuttings to fall into a container. 
A down-the-hole hammer, which operates with a percussive (pounding) action as it rotates, is 
used for air rotary drilling. For mud rotary drilling, a tri-cone roller bit is used. 

3.4 Cable Tool Drilling 

Cable tool drilling rigs operate by repeatedly lifting and dropping a heavy string of drill­
ing tools attached to a cable into the borehole. Consolidated rock is broken or crushed into small 
fragments, and unconsolidated material is loosened by the drill bit. The reciprocating action is 
caused by attaching the cable to an eccentric walking or spudding beam that also serves to mix 
the crushed or loosened particles with water to form a slurry at the bottom of the borehole. Peri­
odically, the drilling string is removed and the slurry is removed by a sand pump or bailer. In 
unconsolidated formations, a casing is driven into the ground to keep the hole open. 

A sample of cable tool cuttings should include more than one bailer load of tnaterial to 
provide a composite sample that is reasonably representative ofthe sampling interval. This is 
particularly important when sampling sand and gravel formations. The cable tool drilling 
method is not as common a method for installing monitoring wells as it once was. 
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3.5 Other Methods for Collecting Shallow Subsurface Soil Samples 

Several methods are available for obtaining shallow subsurface soil samples (less than 10 
feet) without using a drill rig. 

• Hand Augers. These are usefiil for obtaining samples from shallow depths in unconsolidated 
formations. Samples are collected from a bucket auger advanced by hand through shallow 
depth intervals. 

• Power Augers. These are usually hand augers powered by a gasoline engine. Disturbed soil 
samples are collected from the auger flight as the tool is tumed. 

a Backhoes. Backhoes are relatively inexpensive and can excavate a slit trench up to 12 feet 
deep very quickly. Samples can be obtained by attaching a Shelby tube to the bucket or by 
collecting samples directly out of the bucket. 

B Geoprobe. This is a truck- or van-mounted hydrauhc unit which pushes or hammers a small 
diameter probe into shallow, unconsolidated soils. The unit can be used to collect samples of 
subsurface soils, soil gas, or groundwater. 

4. Borehole Abandonment 

Borehole abandonment is necessary to eliminate potential physical hazards, to prevent 
groundwater contamination, to conserve aquifer yield and hydrostatic head, and to prevent in­
termixing of subsurface water. After the necessary unconsolidated soil samples or consolidated 
core samples have been collected from the borehole, the HSAs are removed from the borehole 
and the HSA flights are cleaned and appropriately decontaminated. A cement/bentonite grout 
should be tremied into the borehole to the surface. The grout should consist of potable water, 
bentonite powder, and Type I portiand cement, with 94 pounds of cement and 5 pounds of ben­
tonite per 6.5 gallons ofwater. In certain areas, specific borehole or well abandonment methods 
are specified in the associated environment regulations and these methods must be adhered to. 

5. Disposal of Drill Cuttings and Decon Liquids 

5.1 Containerization of Drill Cuttings and Decon Liquids 

Drill cuttings must be handled as outlined in the work plan for the site. In some in­
stances, the drill cuttings are classified as hazardous waste under the Resource Conservation and 
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Recovery Act (RCRA) and must be placed in U.S. Department of Transportation (DOT)-
approved 55-gallon steel drums pending analysis. The drums of drill cuttings must be properly 
labeled and marked with the contents, date, and source ofthe drill cuttings (e.g., "MW-2") prior 
to being staged. 

Decon fluids may also be placed in DOT-approved 55-gallon steel drums pending analy­
sis. The drums of decon liquids must be properly labeled and marked with the type and source 
ofthe fluids and the date the drum was filled prior to being staged. 

In instances when field monitoring for the presence of contaminants in soil and water is 
performed, approval for not containerizing investigation-derived soil and water may be approved 
by the local regulatory agency. This approval must be obtained prior to the commencement of 
the field investigation. 

5.2 Disposal of Drill Cuttings and Decon Liquids 

upon receipt ofthe analytical results, the drill cuttings and decon liquids can be properly 
classified. It is the responsibility ofthe property owner and/or client to arrange for the disposal 
ofthe drill cuttings and fluids at an approved facility. 
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1. Summary 

This Standard Operating Procedure (SOP) establishes requirements for the entry of in­
formation into logbooks to ensure that E&E field activities are properly documented. The pro­
ject manager (PM) and the field team leader (FTL) are responsible for ensuring that logbook en­
tries provide sufficient information for the completion of an accurate and detailed description of 
field operations and meets the requirements ofthe contract or technical direction document 
(TDD). 

This SOP describes logbook entry requirements for all types ofprojects, specifies the 
format that should be used, and provides examples. Some flexibility exists when implementing 
the SOP because different types ofprojects require different data collection efforts. This SOP 
does not address site safety logbook requirements or geotechnical logbook entries. 

2. Purpose 

Complete and accurate logbook enfries are important for several reasons: to ensure that 
data collection associated with field activities is sufficient to support the successfiil completion 
ofthe project; to provide sufficient information so that someone not associated with the project 
can independently reconstruct the field activities at a later date; to maintain quality control (QC) 
throughout the project: to document changes to or deviations from the work plan; to fulfill ad­
ministrative needs ofthe project; and to support potential legal proceedings associated with a 
specific project. 

2.1 Adequate Field Information/Quality Control 

QC procedures for data collection begin with the complete and systematic documentation 
ofall persons, duties, observations, activities, and decisions that take place during field activities. 
It is especially important to fully document any deviations from the contract, project scope, work 
plans, sampling plans, site safety plans, quality assurance (QA) procedures, personnel, and re­
sponsibilities, as well as the reasons for the deviations. 

Prior to entering the field, the project manager must indicate to the field team what perti­
nent information must be collected during field activity in order to meet the desired objectives of 
the data collection effort. The PM is responsible for reviewing the adequacy ofthe project log­
books both during and following completion offield activities, and is also responsible for meet­
ing with the field team members to discuss any findings and to direct activities to correct any de­
ficiencies, as appropriate. The PM also has the responsibility of ensuring that the logbooks be­
come part of the project or TDD file. 

2.2 Work Plan Changes/Deviation 

The logbook is the document that describes implementation ofthe work plan and other 
appropriate contract documents and provides the basis for the project reports. It must include 
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detailed descriptions ofany and all deviation from the work plan and the circumstances that ne­
cessitate such changes. These changes will be reviewed for compliance with data quality objec­
tives and include: 

• Changes in procedures agreed to in the project planning stages; 

• Any conditions that prevent the completion ofthe field effort, or that 
result in additional fieldwork must be noted (i.e., weather delays, gov­
emment actions, physical obstructions, personnel/ equipment problems, 
etc.). Persons from whom permission was obtained to make such 
changes must be clearly documented. . 

• Any modifications requested by the client or client's representative that 
are contradictory to the confract or outside ofthe existing scope of 
work must be documented in detail because the cost ofthe project 
could be affected by such modifications. 

2.3 Evidentiary Documentation 

Field activity documentation can become evidence in civil and/or criminal judicial pro­
ceedings, as well as in administrative hearings. Field logbooks serve this purpose. Accordingly, 
such documentation is subject to judicial or administrative review. More importantly, it is sub­
ject to the review of an opposing counsel who will attempt to discredit its evidentiary value. 

The National Enforcement Investigation Center (NEIC) and the United States Environ­
mental Protection Agency (EPA) have prepared documents outlining their documentation needs 
for legal proceedings. These guidelines indicate the importance of accurate and clear documen­
tation of information obtained during the inspections, investigations, and evaluations of uncon­
trolled hazardous waste sites. Consequently, attention to detail must be applied by E & E per­
sonnel to all field documentation efforts for all E & E projects. Project personnel must document 
where, when, how, and from whom any vital project information was obtained. This information 
is necessary to establish a proper foundation for admissible evidence. 

3. Guidelines 

Logbooks should contain a summary ofany meeting or discussion held with a client or 
with any federal, state, or other regulatory agency that was on site during the field activities. The 
logbook should also describe any other personnel that appear on site, such as representatives ofa 
potential responsible party (PRP). 

The logbook can be used to support cost recovery activities. Data conceming site condi­
tions must be recorded before the response activity or the passage of time eliminates or alters 
those conditions. Logbooks are also used to identify, locate, label, and track samples and their 
final disposition. In addition, data recorded in the logbook will assist in the interpretation ofthe 
analytical results. 

Logbooks are subject to intemal and extemal audits. Therefore, the recorded information 
should be consistent with and capable of substantiating other site documentation such as time 
cards, expense reports, chain-of-custody forms, shipping papers, and invoices from suppliers and 
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subcontractors, etc. Logbooks also act as an important means of reconstructing events should 
other field documents such as data collection forms become lost or destroyed. Therefore, all 
mission-essential information should be duplicated in the logbook. 

3.1 General Instructions 

The following general guidelines must be used for all logbooks: 

• At a minimum, one separate field activity logbook must be maintained 
for each project or TDD. 

• All logbooks must be bound and contain consecutively numbered 
pages. 

• No pages may be removed for any reason, even if they are partially 
mutilated or illegible. 

• All field activities must be recorded in the site logbook (e.g., meetings, 
sampling, surveys, etc.). 

• All information must be printed legibly in the logbook using water­
proof ink, preferably black. If weather conditions do not permit this 
(i.e., if it is too cold or too wet to write with ink), another medium, 
such as pencil, may be used. The reason that waterproof ink was not 
used should be specifically noted in the logbook. 

• The language used in the logbook should be objective, factual, and free 
of personal feelings or terminology that might prove inappropriate. 

H Entries should be made in chronological order. Contemporaneous en­
tries are always preferred because recollections fade or change over 
time. Observations that cannot be recorded during field activities 
should be recorded as soon after as possible. If logbook entries are not 
made during field activities, the time ofthe activity/ observation and 
the time that it is recorded should be noted. 

• The first entry for each day will be made on a new, previously blank 
page. 

• Each page should be dated and each entry should include the time that 
the activity occurred based on the 24-hour cjock (e.g., 0900 for 9 a.m., 
2100 for 9 p.m.). 

• Atthe completion of the field activity, the logbook must be retumed to 
the permanent project or TDD file. 
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3.2 Format 

The information presented below is not meant to be all-inclusive. Each project manager 
is responsible for determining the specific information requirements associated with a field activ­
ity logbook. If someone other than the Project Managfer is keeping the logbook, the Project 
Manager is responsible to convey to that iridividualj prior to the start of fieldwork, specific in­
structions on what type of information is required to be entered into the logbook. Infonnation 
requirements will vary according to the nature and scope ofthe project. (Referto Appendix A 
for an example of a completed logbook.) 

Title Page 

The logbook title page should contain the following items: 

• Site name, 

• Location, 

• TDD No. or Job No., 

• PAN (an EPA site/task identification number), if applicable, 

• SSID No. (Site ID number-assigned under CERCLA), if applicable, 

• Start/Finish date, and 

• Book of . 

First Page 

The following items should appear on the first page ofthe logbook prior to daily field 
activity entries: 

• TDD No. or Job No., 

• Date, 

• Summary ofproposed work (Reference work plan and contract documents, as appro­
priate), 

• Weather conditions, 

• Team members and duties, and 

• Time work began and time of arrival (24-hour clock). 
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Successive Pages 

In addition to specific activity entries and observations, the following items should ap­
pear on every logbook page: 

• Date, 

• TDD or Job No., and 

• Signature (bottom of each page). If more than one person makes entries into the log­
book, each person should sign next to his or her entry. 

Last Page 

In addition to specific activity entries and observations and the items that should appear 
on each successive page, the last page ofthe logbook should contain a brief paragraph that sum­
marizes the work that was completed in the field. This summary can become especially impor­
tant later on if more or less work was accomplished during the duration ofthe field activity. 

3.3 Correct ions 

If corrections are necessary, they must be made by drawing a single line through the 
original entry in such a manner that it can still be read. Do not erase or render an incorrect no­
tation illegible. The corrected entry should be written beside the incorrect entry, and the correc­
tion must be initialed and dated. Most corrected errors will require a footnote explaining the cor­
rection. 

4. Documentation 

Although the requirements and content ofthe field logbook will vary according to the site 
and the tasks to be performed, the following information should be included in every logbook: 

4.1 Prior to Fieldwork 

Summary of Proposed Work 

The first paragraph of each daily entry should summarize the work to be performed on 
that day. For example: 

"Collect soil and groundwater samples from previously installed wells and ship 
samples to Analytical Services Center (ASC). Discuss removal with site owner." 

The first paragraph becomes especially important later when discussing work plan devia­
tions or explaining why more or less work was accomplished for that day. 
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Personnel 

Each person to be involved in activities for the day, his/her respective role (sampler, 
health and safety, etc.), and the agency he/she represents should be noted in the logbook. 

On-Site Weather Conditions 

Weather conditions may have an impact on the work to be performed or the amount of 
time required to perform the proposed work; therefore, all weather on-site weather conditions 
should be noted, including temperatures, wind speed and direction, precipitation, etc., and up­
dated as necessary. Similarly, any events that are impacted by weather conditions should be 
noted in the logbook. 

Site Safety Meeting 

Although minutes should be recorded for all site safety meetings under separate cover, 
the logbook should briefly summarize the site safety meeting and any specific site conditions and 
resultant site safety concems. 

4.2 Site Sketch 

A site sketch should be prepared on the first day offield activities to indicate prominent 
site and environmental features. The sketch should be made either to scale or by noting the ap­
proximate distances between site feature. Area-specific sketches should be prepared as work is 
undertaken in such areas, and updated sketches should be drawn as work progresses. 

Site Features 

Examples of features to be noted on the site sketch include the following: 

• Sfructures such as buildings or building debris; 

• Drainage ditches or pathways, swales, and intermittent streams (include 
direction of overland runoff flow and direction of stream flow); 

• Access roads, site boundaries, and utility locations; 

• Decontamination and staging areas; 

• Adjacent property data: the type of property that borders the site, in­
formation pertaining to ownership, and available addressees; and 

North arrow. 
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Changes in Site Conditions 

Any deviation from previous site sketches or drawings presented in the work plan, and 
any changes that have occurred since the last site visit must be noted. Differences to be noted 
include the following: 

• Demolished buildings; 

• Changes to access routes; 

H Damage to wells or equipment, or changes to the amount of such 
equipment believed to be on site, 

• Changes resulting from vandalism; 

• Destruction of reference points; 

• Changes resulting from environmental events or natural disasters; and 

a Locations of excavations, waste piles, investigation-derived waste 
(IDW), drum staging areas, etc. 

In short, any site condition that varies from the conditions described in the work plan 
should be noted. 

4.3 Monitor ing Equipment and Act iv i t ies 

Any monitoring equipment used during field activities should be documented in the log­
book. Information to be noted includes: 

• The type of equipment with model and serial numbers. (HNu, OVA, 
etc.); 

H The frequency at which monitoring is performed; 

• Calibration results and the frequency at which the equipment is cali­
brated or tested; 

• Background readings; 

• Any elevated or unusual readings; and 

H Any equipment malfunctions. 

It is particularly important to note elevated or unusual equipment readings because they 
could have an impact on personal protection levels or the activities to be performed on site. Ifa 
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change in the proposed work or protection levels occurs, it should be clearly noted in the log­
book. 

4.4 Sample Collection Activities 

Because it represents the first step in an accurate chain-of-custody procedure, field sam­
pling documentation must be complete. The following items should be documented in the log­
book: 

Sample Collection Procedures 

The following items pertaining to sample collection procedures should be included in the 
logbook: 

• Any pre-sampling activities (i.e., well purging and the number of volumes purged be­
fore sample collection); 

• Resuhs ofthe pre-sampling activities (i.e., pH/conductivity/ tempera­
ture readings for well water, results of hazard categorization testing, 
etc.); 

• Any environmental conditions that make sample collection difficult or 
impossible (i.e., dry or flooded drainage paths, inclement weather con­
ditions, etc.); and 

• Any deviation from the work plan (i.e., additional samples and the rea­
son for their collection, altemate sample locations, etc.). 

Sample Information 

The following information regarding sample data should be recorded in the logbook: 

• Sample number and station location including relationship to perma­
nent reference point(s); 

• Name(s)of sampler(s); 

H Sample description and any field screening results; 

• Sample mafrix and number of aliquots if a composite sample; 

• Preservatives used, recipient laboratory, and requested analyses; 

• QA/QC samples; and 

• Shipping paper (airbill) numbers, chain-of-custody form numbers, and 
jar lot numbers. 
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Investigation-Derived Waste/Sample Shipment 

Details pertaining to sampling equipment, decontamination, and IDW should be clearly 
delineated in the work plan. However, the following information should be included in the log­
book: 

• The type of IDW generated an the number of containers generated 
(each drum should be numbered and its contents noted); 

• All information relevant to the characterization ofthe IDW; 

• Any directions received from the client/workplan/contract relative to 
the management ofthe IDW; 

• The disposition of IDW (left on site or removed from site); 

• The number of sample containers shipped to the ASC or laboratory and 
the courier used (i.e., Federal Express, Airborne Express, etc.); 

• Airbill or shipment tracking numbers; and 

• The type of paperwork that accompanied the waste/sample shipment 
(e.g., manifests, etc.). 

4.5 Photodocumentation 

Photographs should be taken during all relevant field activities to confirm the presence or 
absence of contaminants encountered during fieldwork. Specific items to be documented in­
clude: 

• Sample locations and collection activities; 

• Site areas that have been disturbed or impacted, and any evidence of 
such impacts (i.e., stressed vegetation, seepage, discolored water, or 
debris); 

• Hazardous materials requiring disposal, including materials that may 
not appear in the work plan; 

• Any evidence that attests to the presence or absence of contamination; 
and 

• Any features that do not appear in the work plan or differ from those 
described in the work plan. 
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Documentation ofany photographs taken during the course ofthe project must be pro­
vided in the logbook with a detailed description of what is shown in the photograph and the rea­
son for taking it. This documentation should include: 

• Make, model, and serial numbers ofthe camera and lens, 

• Film type and number of exposures, 

• Roll and frame number ofthe photograph; 

• Direction or view angle of the photograph, and 

• Name ofthe photographer. 

4.6 Data Collection Forms 

Certain phases of fieldwork may require the use of project-specific data collection forms, 
such as task data sheets or hazard categorization data sheets. Due to the specific nature of these 
forms, the information that should be included in the logbook cannot be fully discussed in this 
SOP. However, the following data should be included in the logbook: 

• Results ofany field tests or hazard categorization tests (i.e., ignitability, 
corrosivity, reactivity, etc.); 

• The source from which any field sample was collected and its condi­
tion (i.e., drum, tank, lagoon, etc.). 

• Other conclusions as a result ofthe data collected on data collection 
forms. 

In many cases, rubber stamps that contain routine data collection forms can be manufac­
tured ahead of time. These forms can be stamped into the logbook on an as-needed basis. 
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1. Introduction 

The objective of this Standard Operating Procedures (SOP) document is to provide rec­
ommended procedures for the sampling of groundwater wells, and is primarily concerned with 
the collection ofwater samples from the saturated zone ofthe subsurface. Every effort must be 
made to ensure that the sample is representative ofthe particular zone ofwater being sampled. 
Groundwater sampling procedures appropriate to the project objectives and site conditions will 
define a sampling event. 

Analysis of groundwater samples may determine pollutant concentrations and its risk to 
public health, welfare, or the environment; extent of contaminants; and confirmation of remedial 
standards. 

2. Scope 

This document describes procedures for obtaining representative groundwater samples, 
quality assurance/quality control (QA/QC) measures to be followed, proper documentation of 
sampling activities, and recommendations for personnel safety. 

3. Method Summary 

Before sampling a monitoring well, the well must be purged. This may be done with a 
number of portable devices, including bailers, submersible pumps, bladder pumps, gas-driven 
pumps, gas-lift pumps, suction-lift pumps, and inertial-lift pumps. Refer to E & E Standard Op­
erating Procedure for Groundwater Sampling Devices (ENV 3.6) for information on different 
groundwater purging and sampling devices. 

A minimum of three well volumes should be removed during well purging to ensure that 
a representative sample ofthe groundwater will be sampled. Once the purging is completed and 
the properly prepared sample containers have been selected, sampling may proceed. Numerous 
types of sampling devices may be selected for the collection ofthe groundwater sample, but care 
should be taken when selecting the sampling device, as some will affect the integrity ofthe sam­
ple. 

Sampling should occur in a progression from the least to most contaminated well, if 
known. Ideally, a dedicated sampling device should be used for each well. However, dedicated 
sampling devices may not be practical ifthere are a large number of groundwater samples to be 
collected. In this case, sampling devices should be cleaned between sampling events using the 
decontarnination procedures outlined in E & E Standard Operating Procedure for Equipment De­
contamination (ENV 3.15). 
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4. Sample Preservation, Containers, 
Handling, and Storage 

The type of analysis for which a sample is being collected determines the type of bottle, 
preservative, holding time, and filtering requirements (see Table 1). Chemical preservation and 
cooling of samples to 4 degrees Celsius only retards biological and chemical degradation of con­
taminants in the sample. Therefore, it is prudent to have the samples delivered to the laboratory 
as soon as possible following collection. 

Sample containers should be precleaned in accordance with U.S. Environmental Protec­
tion Agency (EPA) standards and prelabeled, and preservatives should be placed in the contain­
ers prior to sample collection. When filling containers, never overfill or prerinse with the water 
sample, since oil or other substances may remain in the container. For analyses that may require 
filtered samples (e.g., metals and TOC), the samples should be filtered in the field using one 
0.45-micrometer (|Am) membrane filter per sample container prior to being preserved. 

When all samples have been collected, a field data sheet and a chain-of-custody (C-O-C) 
form should be completed, and all pertinent data entered in the field logbook. Samples will be 
placed in a cooler to be maintained on ice at 4 degrees Celsius. Samples must be shipped to ar­
rive at the designated laboratory well before their holding times are reached. It is preferable that 
these samples be shipped or delivered daily to the laboratory as outlined in the E & E Standard 
Operating Procedure for Sample Packaging and Shipping (ENV 3.16). 

5. Potential Problems 

5.1 General 

' The primary goal is to obtain a representative analysis ofthe groundwater body. The 
analysis can be compromised by field personnel in two primary ways: by collecting an unrepre­
sentative sample, and by incorrect handling ofthe sample. There are numerous ways that foreign 
contaminants can be introduced into the sample, and these must be avoided by following strict 
sampling procedures and utilization of trained personnel. 
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Table 1 SW-846 Sample Holding Times, Preservation Methods, and Volume Re­
quirements for Water Samples 
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VOA 

Semi-VOA 
(BNAs) 

PCBs 

Pesticides and 
PCBs 

Metals 

Cyanide 

Hexavalent chro­
mium 
TOC 

TOX 

TRPHs 

14 days from 
date sampled 

7 days to extract 
from date sam­
pled 
7 days to extract 
from date sam­
pled 
7 days to extract 
from date sam­
pled 
6 months from 
date sampled 

14 days from 
date sampled 

24 hours from 
time sampled 
28 days from 
date sampled 

7 days from date 
sampled 

28 days from 
date sampled 

One 40-ml vial; 
no air space 

One 1-L jar 

One 1-L jar 

One 1-L jar 

One 300-ml bot­
tie 

One lOO.-ml bot­
tle.. 

One 50-ml bottle 

One 10-ml bottle 

One 200-ml bot­
tie 

One 1-L bottle 

Two 40-ml vials 

1/2-gallon amber 
glass bottle 

.1/2-galIon amber 
glass bottle 

1/2-gallon amber 
glass bottle 

1-L poly bottle 

1-L poly bottle 

125-ml poly bot­
tie 
125-ml poly bot­
tie 

1 -L amber glass 
bottle 

1 -L amber glass 
bottle 

Add HCl until 
pH <2 and ice to 
4°C 
Ice to 4°C 

Ice to 4°C 

Ice to 4°C 

Add HNO3 until 
pH <2 and ice to 
4°C 
Add NaOH until 
pH>12 and ice 
to4°C 
Iceto4°C . 

Add H2SO4 until 
pH <2 and ice to 
4°C 
Add H2SO4 until 
pH <2 and ice to 
4°C 
Add H2SO4 until 
pH <2 and ice to 
4°C 

5.2 Purging 

In a nonpumping well, there will be little or no vertical mixing ofthe water, and stratitl-
cation will occur. The well water in the screened interval will mix with the groundwater due to 
normal flow pattems, but the water above the screened interval will remain isolated and become 
stagnant. Sampling team members should realize that stagnant water may contain foreign mate­
rial inadvertently or deliberately introduced from the surface. To safeguard against collecting 
nonrepresentative stagnant water in a sample, the following guidelines and techniques should be 
adhered to during well purging and sampling: 
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As a general rule, all monitoring wells should be pumped or bailed prior to the collec­
tion ofthe sample. Evacuation ofa minimum of one volume ofwater in the well cas­
ing, and preferably three to five volumes, is recommended for a representative sam­
ple. In a high-yielding groundwater formation and where there is no stagnant water 
in the well above the screened section, evacuation prior to sample collection is not as 
critical. However, in all cases where the monitoring data are to be used for enforce­
ment actions, evacuation is recommended. 

For wells that can be pumped or bailed dry, the well should be evacuated and allowed 
to recover prior to sample withdrawal. If the recovery rate is fairly rapid and time al­
lows, evacuation of more than one volume ofwater is preferred. 

A nonrepresentative sample can also result from excessive pumping ofthe monitoring 
well. Stratification ofthe leachate concentrations in the groundwater formation may 
occur of compounds that are heavier than water may sink to the lower portions ofthe 
aquifer. Excessive pumping can dilute or increase the contaminant concentrations 
from what is representative ofthe sampling point of interest. 

5.3 Materials 

The material used to construct groundwater purging and sampling devices can have a 
significant impact on the analytical results. If practical, equipment that contacts the groundwater 
should be constructed from stainless steel, teflon, or glass. The use of plastic should be avoided 
when analyzing for organics. Table 2 discusses the advantages and disadvantages of groundwa­
ter sampling devices, and Table 3 provides a ranking of sample material compatibility under 
various aqueous environments. 
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Table 2 Advantages and Disadvantages of Various Groundwater Sampling 
Devices 

Device 
Bailer 

Submersible 
Pump 

Non-Gas 
Contact 
Bladder 
Pump 

Suction Pump 

Inertia Pump 

• 

Advantages 
• The only practical limitations are size 

and materials 
• No power source needed 
• Portable 
• Inexpensive; it can be dedicated and 

hung in a well, reducing the chances of 
cross-contamination 

B Minimal outgassing of volatile organ­
ics while sample is in bailer 

m Readily available 
• Removes stagnant water first 
B Rapid, simple method for removing 

small volumes of purge water 
• Portable; can be used on an unlimited 

number of wells 
B Relatively high pumping rate 

(dependent on depth and size of pump) 
B Generally very reliable; does not 

require priming 

B Maintains integrity of sample 
B Easy to use 

B Portable, inexpensive, and readily 
available 

a Portable, inexpensive, and readily 
available 

B Rapid method for purging relatively 
shallow wells 

B 

B 

CB 

a 

B 

a 
B 

B 

a 

a 

B 

a 

a 

a 

a 
a 

a 
a 
a 

Disadvantages 
Time consuming, especially for large 
wells 
Transfer of sample may cause aeration 

Potential for effects on analysis of trace 
organics 
Heav>' and cumbersome, particularly in 
deeper wells 
Expensive 
Power source needed 
Susceptible to damage from silt or 
sediment 
Impractical in low-yielding or shallow 
wells 
Difficult to clean, although dedicated 
tubing and bladder may be used 
Only useful at depths down to 
approximately 100 feet 
Supply of gas for operation (bottled gas 
and/or compressor) is difficuh to 
obtain and is cumbersome 
Only useful at depths down to 
approximately 25 feet 
Vacuum can cause loss of dissolved 
gases and volatile organics 
Pump must be primed and vacuum is 
often difficult to maintain 
May cause pH modification 
Only useful at depths down to 
approximately 70 feet 
May be time consuming to use 
Labor-intensive 
WaTerra pump is only effective in 2-
inch diameter wells 
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Table 3 Relative Compatibility of Rigid Groundwater Sampling Materials 

p Galvanized Carbon carbon Stainless Stainless 
i l ; PVCI Steel Steel Steel Steel 304 Steel 316 Teflon 

Buffered Weak 
Acid 
Weak Acid 
Mineral 
Acid/High Solids 
Aqueous/Organic 
Mixtures 
Percent Overall 
Rating 

100 

98 
100 

64 

91 

56 

59 
48 

69 

58 

51 

43 
57 

73 

56 

59 

47 
60 

73 

59 

97 

96 
80 

98 

93 

100 

, 100 
82 

100. , 

96 

100 

100 
100 

100 

100 

Preliminary Ranking of Rigid Materials: 

Teflon 
Stainless Steel 316 
Stainless Steel 304 
PVCI 
Low-Carbon Steel 
Galvanized Steel 
Carbon Steel 

6. Equipment Checklist 

6.1 General 

B Water level indicator (e.g., electric sounder, steel tape, transducer, reflection sounder, 
air line, etc.); 

• Depth sounder; 

• Appropriate keys for well cap locks; 

B Steel brush; 

• Organic vapor analyzer (OVA) or photo-ionization meter (HNu); 

B Oil/water interface indicator (ifnecessary); 

fl Timepiece (preferably a stopwatch); 

• Logbook; 

• Calculator; 
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• Field data sheets; 

• Bottle labels; 

• Chain-of-custody forms; 

• Custody seals; 

• Sample containers; 

D Engineer's rule; 

B Sharp knife (locking blade); 

• Tool box (screwdrivers, pliers, hacksaw, hammer, flashlight, adjustable wrench, bolt 
cutters, etc.); 

• Leather work gloves; 

B Appropriate personnel protection equipment; 

• 5-gallon pails; 

• Plastic sheeting; 

• Sealable plastic bags; 

B Shipping containers; 

B Packing material; 

B U.S. Department of Transportation (DOT) shipping labels; 

B 55-gallon 1A2 (17-H) drums (ifnecessary); 

H Decontamination solutions; 

B Tap water; 

B Non-phosphate soap; 

B Aluminum foil; 

B Garden sprayers; 
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B Brushes; 

B Preservatives; and 

fl Distilled or deionized water, as necessary. 

6.2 Groundwater Sampling Devices 

Bailers 

B Clean decontaminated bailers of appropriate size and construction material; 

B Nylon line (enough to dedicate to each well); 

B Sharp knife; 

fl Aluminum foil (to wrap clean bailers); 

fl Submersible Pumps 

B Pump(s); 

fl Adequate power supply, generator, or battery; 

fl 1 -inch black poly vinyl chloride (PVC) coil pipe (enough to dedicate to each well); 

fl Hose clamps; 

fl Safety cable (i.e., heavy-grade nylon line); 

fl Tool box supplement (pipe wrenches, wire strippers, electric tape, heat shrink, hose 
connectors, teflon tape); 

fl Winch or pulley (if desired); 

B Gasoline for generator; 

B Flow meter with gate valve; and 

fl 1-inch nipples and various pipe connectors. 

Bladder Pumps 

B Non-gas contact bladder pump; 
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fl Compressor or nitrogen gas bottles; 

B Batteries and charger; 

B Teflon tubing (enough to dedicate to each well); 

fl Swagelock fitting; and 

B Toolbox supplement (same as submersible pump). 

Suction Pump 

fl Pump; 

fl Black coil pipe tubing (enough to dedicate to each well); 

fl Gasoline (if required); 

B Toolbox supplement (same as submersible pump); 

B Various hose connectors and nipples; and 

fl Flow meter with gate valve. 

7. Preparation 

7.1 Office Preparation 

• The preparation ofa Site-Specific Safety Plan (SSSP) is required prior to any sampling. The 
SSSP must be approved and signed by the Corporate Health and Safety Officer or designee 
(i.e., the Regional Safety Coordinator [RSC]); 

fl Prepare a Site-Specific Work Plan (SSWP) to meet the data quality objectives ofthe project 
in accordance with contract requirements. Review available background information (e.g., 
topographic maps, hydrogeologic maps, geologic maps, other site reports, etc.) to determine 
the extent ofthe sampling effort, the sampling method to be employed, and the type and 
amounts of equipment and supplies required; 

fl Obtain necessary sampling and monitoring equipment (see Section 6), preclean the 
sampling equipment, and ensure that it is in proper working order; 

B Ensure that batteries are charged, including the OVA, HNu, pump control box, and 
large storage batteries; 
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Locate local sources for preservatives arid decontamination solutions. Review this 
matter with the RSC or site safety coordinator; 

Contact delivery service to confirm ability to ship all equipment and samples. De­
termine if shipping resttictions exist; and 

Prepare schedules and coordinate with staff, clients, and regulatory agencies, if ap­
propriate. 

7.2 Field Preparation 

Identify local suppliers of expendable sampling equipment such as ice and baggies, 
and ovemight delivery services; 

Inspect all sampling equipment and reclean, ifnecessary, prior to groundwater sam­
pling (see Table 4); 

Table 4 Decontamination Solutions 
Typeof Hazard Name of Solution 

Amphoteric-acids and bases Sodium bicarbonate 
Remarics 

5-15% aqueous solution 
Inorganic acids, metal 
processing wastes, heavy 

Sodium carbonate Good water softener, 10-20% 
aqueous solution 

Sisfcaiats and organic com­
pounds, oily, greasy unspeci­
fied wastes 

Trisodium phosphate Good rinsing solution of de­
tergent, 10% aqueous solution 

Pesticides, flingicides, cya­
nides, ammonia, and other 
non-acidic inorganic wastes 

Calcium hypochlorite Excellent disinfectant, bleach­
ing and oxidizing agent, 10% 
aqueous solution 

Other Types of Decontamination Solutions 

Other Detergents and Aqueous Surfactants 
Phosphate-free laboratory detergent (Alconox, Liquinox), Pennsalt 91, Oakite, Gunk, Clorox 

Solvents 
1,1,2-Trichloroethane, H2-ethyl-hexyl acetate, pesticide-grade isopropa-
nol/acetone/methanol/hexane, heptane (nonhydrogen bonding), alcohol, diesel fitel, naphtha, 
beta-propiolactone, carbon tetrachloride, 8% formalinethylene, 8% hexachloromelamine, 1,2-
dichloroethane (in solution), Quadcoat 

Other Solutions 
10% nitric acid, 0.1 N/10%/20% hydrochloric acid 

Water 
Potable/tap water (demonstrated to be analyte-free), distilled water, deionized water, reagent-
grade distilled and deionized water 

Source: Adapted from Devinny e; o/, 1990; Mickam e/a/. 1989. 
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A general site survey should be performed prior to site entry in accordance with the 
SSSP followed by a site safety meeting; and 

Identify all well locations. 

8. Reagents 

Except for decontamination solutions and sample preservatives, there are no reagents re­
quired for these procedures. Refer to E & E Standard Operating Procedure for Equipment De­
contamination (ENV 3.15), the SSSP, or the SSWP for proper decontamination procedures and 
appropriate solvents. 

9. Field Sampling Procedures 

9.1 Sampling Preparation 

• Start at the least-contaminated well, if known; 

a Remove locking v/el! cap. Note the location of the well, time of day, and date in the 
field logbook or sample log; 

B Remove the well cap covering the well riser; 

B Test the well for volatile organic compounds (VOCs) and methane by conducting a 
headspace analysis with a combustible gas indicator, an OVA (for VOCs and meth­
ane), or an HNu (for VOCs). Record all readings in the field logbook; 

B Lower water level measuring device into well until the surface ofthe water table is 
encountered; 

B Measure the distance from the top ofthe water table to a reference point on the well 
riser or casing (e.g., top of inside casing [TOIC]) and record the distance in the field 
logbook; 

a Lower the water level measuring device to the bottom ofthe well, and measure the to­
tal depth ofthe well using the same reference point on the well riser or casing. Re­
cord the distance in the field logbook. 

• Measure the diameter ofthe well, and calculate the volume ofwater in the well by 
multiplying the number offeet ofwater by the number of gallons per foot (see Sec­
tion 10); 

11 
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fl Determine the required volume of groundwater to be removed from the well (e.g., 
three well volumes or as indicated in the SSWP); 

B Place plastic sheeting on the ground around the well to minimize the likelihood of 
contamination of sampling equipment from soil adjacent to the well; and 

fl Prepare the purging and sampling equipment. 

9.2 Purging 

The amount of flushing that a well receives prior to sample collection depends on the in­
tent ofthe monitoring program, as well as the hydrogeologic conditions. Programs in which 
overall quality determinations ofwater resources are involved may require long pumping periods 
to obtain a sample that is representative ofthe groundwater. The pumped volume can be deter­
mined prior to sampling, or the well can be pumped until selected parameters (e.g., temperature, 
electrical conductance, pH, turbidity, etc.) have stabilized. Care must be taken not to exceed the 
recommended purging rate for monitoring well screens (see Table 5). 

Monitoring for defining a contaminant plume requires a representative sample ofa small 
volume ofthe aquifer. These circumstances require that the well be pumped enough to remove 
the stagnant water, but not enough to induce flow from other areas. 

During purging, water level measurements may be taken regularly at 15- and 30-second 
intervals. The data may be used to compute water table or aquifer transmissivity and other hy­
draulic characteristics. 

Information on the most commonly used groundwater purging and sampling devices can 
be found in E & E's SOP for Groundwater Sampling Devices (ENV 3.6). 

9.2.1 Bailers 

Equipment needed will include a clean decontaminated bailer, nylon line, a sharp knife, 
and plastic sheeting. Place the plastic sheeting around the well to prevent contact ofthe bailer or 
line with the ground. Attach the line to the bailer, and then lower the bailer until it is completely 
submerged. Pull the bailer out ofthe well; ensure that the line either falls onto the plastic sheet­
ing or never touches the ground. Empty the bailer into a 5-gallon pail. Repeat the procedure un­
til the required purge volume has been removed. When the 5-gallon pail is full, pour the water 
into a 55-gallon drum or handle as indicated in the SSWP. 

12 
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Table 5 Maximum Recommended Purging Rate for Monitoring Well Screens 

Screen Type 
Diarheter 

(in) -

.. Recommended Pumping Rate 
gpm/ft at gpm/ft at gpm/ft at 
O.lft/s 0.07 ft/s 0.03 ft/s 

PVC 
(machine slot) 

PVC 
(wound) 

Stainless Steel 
(wire-wound) 

2 
2 
2 
2 • 
2 
4 
4 
4 
4 
4 
2 
2 
2 
2 
2 
4 
4 
4 
4. 
4 
2 
2 
2 
2 
2 
4 
4 
4 
4 
4 

0.01 
0.02 

0.025 
0.04 

0.051 
0.01 
0.02 

0.025 
0.04 

0.051 
0.01 
0.02 
0.03 
0.04 
0.05 
0.01 
0.02 
0.03 
0.04 
0.05 
0.01 
0.02 
0.03 
0.04 
0.05 
0.01 
0.02 
0.03 
0.04 
0.05 

0.018 
0.033 
0.042 
0.060-
0.075 
0.036 
0.067 
0.083 
0.120 
0.151 
0.047 
0.089 
0.124 
0.156 
0.183 
0.078' 1 
0.147 
0.208 
0.262 
0.309 
0.090 
0.157 
0.210 
0.253 
0.287 
0.177 
0.307 
0.410 
0.492 
0.560 

3.4 
6.4 
8.0 
11.5 
14.4 
3.4 
6.4 
8.0 
11.5 
14.4 
9.0 
17.0 
23.7 
29.7 
34.9 
7.5 
14.1 
19.9 
25.0 
29.5 
17.1 
30.0 
40.2 
48.4 
54.8 
16.9 
29.3 
39.1 
47.0 
53.4 

0.804 
1.496 
1.870 
2.693 
3.385 
1.608 
2.992 
3.740. 
5.386 
6.773 
2.119 
3.989 
5.579 
6.981 
8.197 
3.522 
6.607 
9.350 
11.750 
13.869 
4.021 
7.044 
9.444 
11.376 
12.872 
7.948 
13.776 
18.388 
22.097 
25.120 

0.563 
1.047 
1.309 
1.885 
2.369 
1.126 
2.094 
2.618 
3.770 
4.741 
1.484 
2.793 
3.905 
4.887 
5.738 
2.465 \ 
4.625 
6.545 
8.225 
9.708 
2.814 
4.931 
6.610 
7.963 
9.010 
5.563 
9.643 
12.872 
15:468 
17.584 

0.241 
0.449 
0.561 
0.808 
1.015 
0.482 
0.898 
1.122 
1.616 
2.032 
0.636 J 
1.197 
1.674 
2.094 
2.459 

1 1.057 
1.982 
2.805 
3.525 
4.161 
1.206 
2.113 
2.833 
3.413 
3.862 
2.384 
4.133 
5.517 
6.629 
7.536 

13 
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9.2.2 Submersible Pumps 

fl Assemble the pump, hose, and safety cable; 

fl Lower the pump and assembly into the monitoring well to a point a few feet below 
the water level; 

• Attach to a power source and commence purging operations; 

fl Using a flow meter or pail and a stopwatch, determine the flow rate and calculate the 
time required to remove the required volume ofwater from the well; 

fl Place the purge water in 55-gallon drums or handle as indicated in the SSWP; and 

fl Lower the pump by stages until it is just above the screen, and continue to purge until 
the required volume ofwater has been removed from the well. In cases where the 
well will not yield water at a sufficient recharge rate, pump the well dry and allow it 
to recover. 

9.2.3 Non-Gas Contact Bladder Pumps 

fl Assemble the teflon tubing, pump, and charged control box; 

• Procedures for purging with a bladder pump are the same as for a submersible pump 
(Section 9.2.2); and 

fl Be sure to adjust the flow rate to prevent violent jolting ofthe hose. 

9.2.4 Suction Pumps 

fl Assemble the pump, tubing, and power source; and 

fl Procedures for purging with a suction pump are the same as for a submersible pump 
(Section 9.2.2). 

9.3 Sampling 

Groundwater samples can be obtained through the use ofa number of groundwater sam­
pling devices. Each groundwater sampling device has its advantages (and disadvantages) over 
other devices. Ideally, groundwater sampling devices should be completely inert, economical to 
manufacturer, easily cleaned for reuse, able to operate at remote sites in the absence of power 
sources, and capable of delivering variable rates for both well purging and sample collection. 
There are several other factors to consider when choosing a groundwater sampling device and 

14 
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care should be taken when selecting the device. Refer to E & E Standard Operating Procedure 
for Groundwater Sampling Devices (ENV 3.6) for additional information. 

9.3.1 Bailers 

• Make sure that clean plastic sheeting has been placed around the well; 

fl Attach a line to the bailer. Ifa bailer was used for purging, the same bailer and line 
may be used for sampling; 

B Lower the bailer slowly and gently into the well, taking care not to shake the well 
casing or splash the bailer into the water. Lower the bailer to different points adjacent 
to the well screen to ensure that a representative water sample is collected; 

B Slowly and gently retrieve the bailer from the well, avoiding contact with the well 
riser; 

B Remove the cap from a sample container and place the cap on plastic sheeting or in a 
location where it will not be contaminated. Refer to Section 9.6 for special considera­
tions for volatile organic analysis (VOA) samples; 

B Slowly pour the water into the container; 

B Filter and preserve samples as required by the SSWP. Mark the water level on the 
container with a pen; 

fl Prepare the necessary QA samples as outlined in the SSWP; 

fl Record sample information in the field logbook or on field data sheets, and complete 
the C-O-C forni; 

B Package samples in accordance with the SSWP; and 

B Repeat this process until all groundwater samples have been collected. 

9.3.2 Submersible Pumps 

• Allow the monitoring well to recharge after purging, keeping the pump just above the 
screened interval; 

• Attach a gate valve to the discharge hose, and reduce the flow rate to a manageable 
sampling rate; 

B Prepare the sample containers; 

15 
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fl If no gate valve is available, discharge the sample into a clean jar and fill the sample 
containers from the jar; 

fl Complete the sampling and documentation procedures as outlined in Section 9.3.1; 
- a n d . . • . : ' ; . ; ; ; • . / • , ' • ' . ; , ^ ' . ' ' . ' '•• " . • ' ' " 

fl Upon completion, remove the pump and assembly and properly decontaminate the 
pump prior to use in the next well. Do not reuse the dischat-getiibing. 

9.3.3 Bladder Pump 

fl Allow the well to recharge after purging; 

fl Prepare the sample containers; 

fl Tum the pump on. Increase the cycle time and reduce the pressure to the minimum 
that will allow groundwater to come to the surface; / 

fl Complete the sampling and documentation procedures as outlined in Section 9.3.1; 

B Upon completion, remove the tubing from the well and either replace the teflon tub­
ing and bladder with new dedicated tubing and bladder, or properly decontaminate 
the existing material; 

B Nonfiltered groundwater samples should be collected directly from the outlet tubing 
into the sample containers; and 

fl Filtered groundwater samples should be obtained by connecting the pump outlet tub­
ing directly to the filter unit. The pump pressure should be reduced to prevent a pres­
sure buildup on the filter, which could damage the pump bladder. 

9.3.4 Suction Pumps 

fl Allow the well to recharge; 

fl Attach a gate valve to the discharge line if the suction pump discharge rate cannot be 
controlled, or discharge the sample into a clean glass jar and fill the sample containers 
from the jar; 

fl Sample as outlined in Section 9.3.1; and 

fl Upon completion, remove the tubing and properly decontaminate the pump prior to 
use in the next well. Do not reuse the tubing. 

16 
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9.4 Filtering 

Samples being analyzed for total dissolved metals and total organic carbons (TOC) may 
require filtering. Two types of filters are commonly used: barrel filters and vacuum filters. A 
barrel fiUer works with a bicycle pump, which is used to build up positive pressure in the cham­
ber containing the sample. Water is then forced through 0.45-)im filter paper into ajar. The bar­
rel itself is filled manually. 

A vacuum filter involves two chambers: the upper chamber contains the sample, and a 
0.45-pm filter divides the two chambers. Using a portable vacuum pump, air is withdrawn from 
the lower chamber, creating a vacuum, which causes the sample to move through the filter into 
the lower chamber. Repeated pumping may be required to drain all ofthe sample into the lower 
chamber. If preservation ofthe samples is necessary, this should be done after filtering. 

9.5 Post-Operation 

After all samples have been collected and preserved, the sampling equipment should be 
properly decontaminated to prevent cross-contamination of samples. 

• Decontaminate all equipment according to the SSWP; 

B Replace sampling equipment in storage containers; 

fl Prepare groundwater samples for shipment. Check sample documentation and make 
sure samples are properly packed for shipment; and 

fl Organize field notes into a report format and transfer logging information to appro­
priate forms. 

9.6 Special Consideration for VOA Sampling 

The proper collection ofa sample for dissolved VOCs requires minimal disturbance of 
the sample to limit volatilization and subsequent loss of volatiles from the sample. 

Sample retrieval systems suitable for the valid collection of volatile organic samples in­
clude: positive-displacement bladder pumps, gear-driven submersible pumps, and syringe sam­
plers and bailers. Field conditions and other constraints will limit the choice of appropriate sys­
tems. The principal objective is to provide a valid sample for analysis that has been subjected to 
the least amount of turbulence possible. 

The following procedures should be followed when collecting VOA samples: 

fl Open the vial, set the cap in a clean place, and place the proper amount of preserva­
tives (HCl) in the vial; 

B Fill the vial to the top until a convex meniscus forms on the top ofthe vial. Do not 
overfill the vial; 

17 
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Check that the cap has not been contaminated, and carefully cap the vial. Place the 
cap directly over the top and screw down firmly. Do not overtighten and break the 
cap; 

Invert the vial and tap gently. If an air bubble appears, discard the sample and begin 
again. It is imperative that no entrapped air remains in the sample vial; 

Place the VOA vial in a cooler, oriented so that it is lying on its side, not straight up; 
and 

The holding time, under most protocol parameters, for VOAs is 14 days (see Ta­
ble 1). It is recommended that samples be shipped or delivered to the laboratory 
daily. Ensure that the samples remain at 4°C, but do not allow them to freeze. 

10. Calculations 

Table 6 presents the volume ofwater in different size casings and holes. To determine 
the volume ofwater in a well, the calculations are as follows: 

V = Tr2(0.163) 

where: 

V = Static volume of well in gallons 

T = Depth ofwater in well, measured in feet (determined by subtracting the static water 
level from the total depth ofthe well) 

r = Inside radius of well casing, measured in inches 

0.163 = A constant conversion factor for the conversion ofthe casing radius from inches to 
feet and cubic feet to gallons 

18 
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Table 6 Volume of Water in Casing or Hole 
..-.Diameter,of ^ . . . : : ; : ^...L .;U! :̂4,.,,w;,;̂ ,̂ .. .;,... ., ... ,, , Xubic Meters . 

Casing or Hole • Gallons;per .>,Cubic,Feet per Liter per Meter per-Meter of 
, (h) , ';VFpot?of Depth Foot of Depth v :̂̂ ^ ^^^ : Depth ;. 

1 
1.5 
2 

2.5 
3 

3.5 
4 

4.5 
5 

• • 5 . 5 " 

6 
7 
8 
9 
10 
11 
12 
14 
16 
18 
20 
22 
24 
26 
28 
30 
32 
34 
36 

0.041 
0.092 
0.163 
0.255 
0.367 
0.500 
0.653. 
0.826 
1.020 
1.234 
1.469 
2.000 
2.611 
3.305 
4.080 
4.937 
5.875 
8.000 
10.440 
13.220 
16.320 
19.750 
23.500 
27.580 
32.000 
36.720 
41.780 
47.160 
52.880 

0.0055 
0.0123 
0.0218 
0.0341 
0.0491 
0.0668 
0.0873 
0.1104 
0.1364 
0.1650 
0.1963 
0.2673 
0.3491 
0.4418 
0.5454 
0.6600 
0.7854 
1.0690 
1.3960 
1.7670 
2.1820 
2.6400 

. 3.1420 
3.6870 
4.2760 
4.9090 
5.5850 
6.3050 
7.0690 

0.509 
1.142 
2.024 
3.167 
4.558 
6.209 
8.110 
10.260 
12.670 
15.330 
18.240 
24.840 
32.430 
41.040 
50.670 
61.310 
72.960 
99.350 
129.650 
164.180 
202.680 
245.280 
291.850 
342.520 
397.410 
456.020 
518.870 
585.680 
656.720 

0.509x10'^ 
1.142x10"^ 
2.024x10-' 
3.167x10"' 
4.558 X 10"' 
6 .209x10 ' 
8.110x10"' 
10.260x10"' 
12.670x10"' 
15.330x10"' 
18.240x10"' 
24.840x10"' 
32.430x10"' 
41.040x10"' 
50.670x10"' 
61.310x10"' 
72.960 X 10"' 
99.350x10"' 
129.650x10"' 
164.180x10"' 
202.680x10"' 
245.280x10"' 
291.850x10"' 
342.520x10"' 
397.410 X 10"' 
456.020x10"' 
518.870x10"' 
585.680x10"' 
656.720 X 10"' 

1 Gallon = 3.785 liters 
1 Meter = 3.281 feet 
1 Gallon water weighs 8.33 Ibs = 3.785 kilograms 
I Liter water weighs I kilogram = 2.205 pounds 
1 Gallon per foot of depth = 12.419 liters per foot of depth 
1 Gallon per meter of depth = 12.319 x 10̂  cubic meters per meter of depth 
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11. Quality Assurance/Quality Control 

The objective of QA/QC is to identify and implement methodologies that liinit the intro­
duction of error into sampling and analytical procedures. Groundwater sanipling protocols ap­
propriate to the data quality objectives and site conditions will define the specific procedures that 
will be followed for sampling events (see Figure 1). 

There are seven primary areas of concem for QA in the collection of representative 
groundwater samples: 

fl The SSWP should be reviewed by all team personnel involved in the collection ofthe 
groundwater samples before any sampling is attempted, with attention to contaminant type 
and potential concentration variations; 

fl Log documentation should be reviewed to determine whether the required volume of purge 
water was removed from the well and that the temperature, electrical conductance, and pH 
had been stabilized to ensure that a representative water sample ofthe aquifer was obtained; 

• The purging and sampling devices should be made of materials and utilized in a manner that 
will not interact with or alter the analysis; 

fl The results generated by these procedures are reproducible as demonstrated through the use 
of duplicate samples; 

fl The possibility of cross-contamination is reduced by collecting samples from the least con­
taminated well first. Rinsate blanks should be incorporated where dedicated sampling and 
purging equipment is not utilized and decontamination ofthe equipment between sampling 
events is required; 

fl Samples are properly labeled, documented (C-O-C), preserved, and shipped; and 

• A record of daily field activities, such as sample collection and tracking information, is kept 
in a bound book. 

12. Data Validation 

The data generated will be reviewed according to the QA/QC considerations presented in 
Section 11. 
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I 
Oissotvnd Gases, TOC 

i 
Cargo Vohime Samples 
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for Specific Geochomicaf 
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Water-level Measurements 

f^epresentaiive Water Access 

Veritkation of 
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Sample Access 

Sanple Cdtection by 
Appropriate t/echanism 

Minimal Sarrple Handling 

HeadS;ace 
Free Samples 

Minimal Aeralion or 
Oepressurtzation 

**nimal Air Contact 
Field Determination 

Adequate Rir\stng against 
Contamination 

Minima! Air Contact 
Preservatjon 

Recommendations 

Measure the water lave! to sO.3 
cm (±0.01 fQ. 

Pump water until well purging 
parameters (e.g.,pH, T, n ' , Eh) 
smMize to ±10% over at least 
two successive wall volumes 
pumped. 

Pumping rates shoukl be United 
l» -lOOmL'̂ fTun tor voJaliie 
organics and gas-sensitive 
parameters. 

Fitter: Trace rrwtals. ino^anic 
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organic compound sampdes. Rllor 
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Storage 
Transport 
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Anions Minimal Loss of Samples 

Integrity Prior to Analysis 
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holding or storage periods 
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• Denotes samples that should be fillerod to determine dissolved corutituenls. Filtration should be accomplished pfeferaWy Wiffi in-line (ilie/s 
and pump pressure or oy H pressure methods. Samples lor dissolved gases or volatile orgar^cs should not bo filtered, m instences wrfrere 
welt deveic^ment procedures do net allow (or turtjidity-free samples ana may bias analydcal results, split samples should be spiked with 
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See Puis arul Barcelona (t939). 

Figure 1 Generalized Flow Diagram of Groundwater Sampling Protocol 
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13. Health and Safety 

Depending on the site-specific contaminants, the type of personnel protective equipment 
(PPE) used during the purging and sampling ofthe wells is outlined in the SSSP. The SSSP 
should be reviewed with specific emphasis placed on the safety procedures to be followed for the 
well sampling tasks. Standard safe operating practices should be followed, such as minimizing 
contact with potential contaminants in both the vapor phase and liquid matrix through the use of 
respirators and protective clothing. 
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1. Introduction 

Geologic logging involves keeping detailed records during the drilling of boreholes, the 
installation of monitoring wells, and the excavation of test pits, and entering the geologic de­
scriptions of the soil and rock samples recovered on a standardized form. E & E has adapted a 
standardized geotechnical logbook (see DOC 2.4 in E & E's Standard Operating Procedures 
[SOPs]) that contains items deemed important to record when installing monitoring wells, pie­
zometers, and/or soil borings. This document discusses general procedures for completing geo­
logic logs. 

2. Drilling Logs 

2.1 Basic Documentation 

When drilling boreholes, the project geologist should maintain a log that describes each 
borehole. The E & E Geotechnical Logbook contains records for boreholes. The following ba­
sic information should be entered on the heading of each drilling log sheet (see Figure 1): 

B Borehole/well number; 

B Project name; 

B Site location; 

B Dates and times that drilling was started and completed; 

B Drilling company; 

B E & E geologist's name; 

a Drill rig type used to drill the borehole; 

B Drilling method(s) used to drill the borehole; 
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B Bit and auger size(s); 

B Depth of auger/split barrel sampler refiisal; 

B Total depthof borehole; 

o Total depthof corehole (if applicable); 

B Water level at time of completion measured from top of inside casing (TOIC); and 

B A well location sketch. 

2.2 Technical Information 

During the drilling of a borehole, specific technical information about the unconsolidated 
material and rock encountered should be recorded on the drilling log sheet. The following 
minimum technical information should be recorded: 

Q Depth that sample was collected or encountered; 

B Sample number assigned (if applicable); 

B The number of blow counts required to drive the split barrel sampler 2 
feet at 6-inch intervals (see Table 1); 

a Description of soil components (see Figure 2); 

a Descriptionof rock profile (see Figure 3); 

B Rock qualitative designation (RQD) (see Figure 4); 

B Rock penetration time; 

B Core run number (if applicable) and percent recovery; and 

B Organic vapor readings in the sample. 
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Table 1 Standard Penetration Test for 
Soil Density 

N-Blows/Feet Relative Density 
Cohesionless Soils 
0 - 4 
4 - 1 0 
10-30 
30-50 
50 

Very loose 
Loose 
Medium 
Dense 
Very dense 

Cohesive Soils 
2 
2 - 4 
4 - 8 
8-15 
15-30 
30 

Very soft 
Soft 
Medium 
Stiff 
Very stiff 
Hard 

3. Soil Classification 

Soils should be described using the Unified Soil Classification System (USCS) in the nar­
rative lithologic description section of Figure 5. Figure 6 is a summary of the American Society 
for Testing and Materials (ASTM) criteria for describing soils. Soil descriptions should be con­
cise, stressing major constituents and characteristics, and should be given in a consistent order 
and format. The following order is recommended by the ASTM: 

1. Soil name. The basic name of the predominant constituent and a single-word modi­
fier indicating the major subordinate constituent. 

2. Gradation or Plasticity. Granular soils (i.e., sands or gravels) should be described as 
well-graded, poorly-graded, uniform, or gap-graded, depending on the gradation of 
the minus 3-inch fi-action. Cohesive soils (i.e., silts and clays) should be described as 
nonplastic, slightly plastic, moderately plastic, or highly plastic, depending on results 
of the manual evaluation for plasticity. 

3. Particle size distribution. An estimate ofthe percentage and grain-size range of each 
subordinate constituent ofthe soil. This description may also include a description of 
angularity (see Figure 7). 

4. Color. The basic color of the soil. 
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Figure 2 USCS Soil Classification Chart 
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ROCK DESCRIPTIVE TERMS 

Terni 

Hardness 

Weathering 

Bedding 
Planes 

Joints and 
Fracture 
Spacing 

Voids 

Soft 
Moderately Hard 
Hard 
Very Hard 

Uhweaiteied 

SUghty 

Moderate 

l«gh 

Severe 

Laminated 
Parting 
Bandad 
TWn 
Medium 
TWcK 
Massive 

Very Hght 
TTght 
Moiieralely light 
Wide 
Very wide 

Porous 

Pitted 

Vifl 

Cavity 

DelMng Characteftstlcs 
• 

Scratched by tlngemall 
Scratched easily by penknlle 
Difficult to scratch with a penknDe 
Cannot be scratched by penlcnite 

Rock Is unstained. May be tractutBd. but discontinuities are nol 
stained. 

Rock Is unstained. Discontinuities show some slahlng on the 
surfaces of rocks, but discoloration does not penetrate rock mass. 

Discontinuity surfaces are stained. Discoloration may extend Into 
rocfc along discontlnuty soifaces. 

Individual rock IragTienfs are thoroughly stained and may be 
crumbly. 

Rocfc appears to consist ol gravel-sized fragments In a "soir matrix. 
Individual fragments ate thoroughly discotored and can be broton 
with fingers. 

< .04 In. < 1 mm 
.04 In. - .24 In. 1mm - 6mm 
.24ln.-1in. 8 mm-3 cm 
I in . -4 In, 3 cm-9.1 cm 
4 In.-12 In. 9.1 cm •30.5 cm 
IZ in.-36 in. 30.5cm-lm 
> 36 In. > 1 m 

< 2 in. < 5.1 cm 
2ln.-1tt. 5.1-30.5cm 
1ft.-3 ft 30.5 cm-91.4 cm 
3a-10 f t . 91.4cm-3M 
>t0f t . >3M 

SmaSer thart a pinhead. Thefr presence is Indicated by the degree 
of absortiency. 

PInhead size to a 1/4 inch. If only Ihin walls separata the indhrldual 
pits, the core may be described as honeycombed. 

Ii4 inch to ths diameter of the core. The upper limit will vary with 
core size. 

Larger than the diameter ot the core. 

Rock Psrttcia Pateant Conipoaltlon Esflmslton 

Figure 3 Rock Descriptive Terms 



GEOLOGIC LOGGING 

ROCK QUAUTY DESIGNATION (RQD) AND FHACTURE FREQUENCY 

Cora lioctnet era a uaeful maana of oOOHng mianiKlton t teui t ia 
quaMrotisekmaaa. ma raeovataWa oera Indtoawa t ia ctwactai ot 
ttia tnttct rocfc and 9ta nurnbaf and chafaotar of da nakjrai 
tftiTiUiiitiiiitrtaa. 

AnoCiar quaniadva Indax t i t i haa proMd uaaM In logging NX oora 
is a roofci;u«%daatgnaCDn (ROO) davafcipad br Oaar* (1961}. Ttw 
nOD la a fflodaad oara raoovary pacsantaBa m wMcn a l t ia daeaa ol 
ao>nidNXaor*a«ar4lncha*lon8araeounladaaiaoova>y. Iha 
iaiiylti of Iha oora run la t ia dkRanca n t ia naaiaat Hnth of a loot ftom 
t w oorraoad dapti a( tia liola ai tia and ol t ia pnMoua n«i to t ia 
corraeiaddaplh of > * M * ai tia and of suttact n i l . Thasnatar 
pisost art oonsldarad 13 oa dua to doaa ahaaring, JoMng. taKang. or 
wsa<ieringln«iarodimaaiBndarano<aouniad. DwnQOIaamDra 
gananlmaaiuiac* tia oora i|uaai|rtianBi*lraetJi*kaquaney. Coi» 
loaa, waatwad ana son tonaa. aa waU aa taesuaav are aooouiiad 
torlnWa daamrinailon. TtiaPOOoroytdaaapcalmlnaryaatmalaot 
t>a vanaton o< tia b j l U rocfc naaa propartiaB liom t a piopanlas ol 
tia'sound'ponion ol t ia rocfc oora. Ttiua.Bgtna(alaaimaiao*ffia 
baiiwloroi tie lodtniasa cant* made. An ROD appnjaehino ioo 
paicsnt danoaat an aicaeani quoIQr rack mas* ul t i propartoa simlar 
a> tial ol an ttOKi apaiimoa nOOvifc>aarane>ns<r«niOloSO 
pnoant ara Indieatya ot a poor qusitir rodt maaa hMng a amal 
traction of Die strsngtt and sntnasa maaaurad lor an Intact spadnian. 

ROD (RacK OuiMy Oaa'tgnaOon) 

0 • » Very Pool 
25 • 30 Poor 
SO - 7S Fail 
73 . 90 Good 
80 - too EsoBllenI 

An aisnpla of dalamiMng na RQ[) ftam a oora njn ol EO Inches 
maaamd ftom oonacM dapQi IB conected ilapti la givan in 
Olagrara 1 . Fot tlie paMtaular oaaa, l ia ooia laoDmy waa 30 
IncliaeafldtianiodnadoataiaooiarywaaMlnctiaa. msyleids 
an nOOdt S7 paioenL aiBiallying t>a locfc maaa In eia fair 

PratMina anaa In na uaa ol ROO tor datomlnfrig tw ftl aliu locli 
naaaquatv- TlieflOOavaluBlaaftactwaeinviaeoiaeauwdby 
tia Ai ing piBoaaa, aa K«« aa ki naka^ fcaictutae praviouaiy 
eHiiing In tia rock mass. For aianipta.wtiantwoof* hole 
penanna a laia zone or ajskit addWonai braaM may lorin mat 
MNough nol naant ftacftaaa, ara caused by naani planea ol 
waakneaaaidatlnakitiarQdiniaaa. Thea* Iraali tnaka occur 
durtng diBng and handUng ol tM oora and am not lelswd to tie 
duaitrot t ie rocfc maaa. Tha aMI of twdHIOr««anecttio amount 
ot la eat iy i and t ie cora loea ttat oeeuia. PoordiUlngBelinJiiuea 
«n 'panaiw tia tecfc Cy lawedng Be apparent quaii^. II la diRiculi 
to OMngmah bewraan aaiftig ftraafca artd tioaa naMral and Imjpiani 
ftacans tiot tafleo tia qualiiy ol twrodt mau. Inoaroin 
Inatanoaa. It may t s aMstt le to Induda aU fractures wten 
aeSmaSng AQD. Otarioualy, soma judgement Is involved tn core 
logging. 

Anotwt otodlBm Mlh t n tias ol t » RQO Index la mat Vie dotBimi-
nainna ara not saraatva to t ie Sghmaaa o) t i * Individual jo'^s, 
ameteaan some Inataiioea, tie imaudelormationmoouiia mayo* 
cuorgiy liRected by tio ayofage joint oponing. 

ROD OF A SINGLE CORE RUN • 

Core Run 60* 
(Correcaad dapffi 

to ooneetad deptt) 

' Typical caleulaucn ol RCO td a single core (un. Mou> thol tie njn is calcutaled tiofli corrected depti u> 
corrocietf ttopffi. 

Figure 4 Rock Qualitative Designation (RQD) 
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Figure 5 Narrative Lithologic Description 



ASTM CRtfERIA FOR DESCRIBING SOIL 

Criteria lor Descrbinfl Angutartty of Coarse-
Grained Partidss 

Deserption 

Aitgular 

Subangular 

Subitjunded 

Rounded 

CriBiia 

Paitides have sharp edges and 
relatively plane side with unpol­
ished surfaces 

Particles are s i i r ^ r to angular 
description but have rounded 
edges 

Particles have nearty plana sides 
but have welt-rouRded comers and 
edges 

Particles have smoothly cunred 
side and no edges 

Crnsrla (or Describing Dilatancy 

Description Criteria 

None 

S.k3w 

Rapid 

No visible change in the specimen. 

Water appears slowly on the 
surface of Ihe 
specimen during shaking and does 
not disappear or disappears slowly 
upon squeezing. 

Water appears quickly on the 
surface ol the specimen during 
shaking and disappears quiddy 
upon squeezing. 

Criteila (or Describing Toughness 

Description 

Low 

Medium 

High 

Criteria 

Only slight pressure is required to 
roll ttte thread near the plastic limit. 
The thread and the lump are weak 
and soft. 

Medkim pressure is required to roll 
the thread to near plastic Umil. The 
thread and the lump have medium 
stiffness. 

Conskjerable pressure is required to 
roll the thread to near ttte plastic 
Hmit. The thread and the lump have 
very high stiffness. 

Cftterla for Describlitg Dry Strength 

Description 

None 

Low 

Medium 

High 

Very High 

Criteria 

Tha dry spedmen cnimbles into 
powder twith ntere pressure of 
hartdling 

The diy specimen caimbles into 
powder tmth some finger pressure 

The dry specimen breaks imo pieces 
or cnimbles with considerable finger 
pressure 

The dry specimen cannot be broken 
with finger pressure. Specimen wiii 
break into pieces between thumb 
and a hard surface. 

The dry specimen cannot be broken 
between the thumb and shaid 
surface 

Criteria tor Describing Structure 

Description 

Stratified 

Laminated 

Fissured 

Siickensided 

Btocky 

Lensed 

Homo- . 
geneous 

Criteria 

Alternating layers ot varing 
material or cotor with layers at . 
least 6 mm thick; note thickness. 

Attemating layers of varying 
materials or color with the layers 
less than 6 mm thick: note 
thickness. 

Breaks atong definite planes ol 
fracture with little resistance to 
fracturing. 

Fracture planes appear polished 
or glossy, sometimes stiiated. 

Cohesive soil that can be broken 
down imo small angular lumps 
which resist tunher breakdown. 

Inclusion of small pockets oi 
different soils, such as smaH 
lenses ol sand scattered through 
a mass of clay: note thickness. 

Same cokir and appearance 
throughout. 

Figure 6 ASTM Criteria For Describing Soil 
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CRITERIA FOR reSCffiBING SOIL (Cont.) 

Ci1t»i1« tor DeicittitoB tfw Reaction wMi HCI Ctftarti for D i c r t r f n o PtortlcBy 

Description 

None 

Weak 

Strong 

Criteria 

Itovisaile reaction 

Some reaction, with bidibles forming 
stowly 

Vioieni reaction, with b(d)bles 
lomting bnmedialeV 

Criteria for 0«scrtblng Conslctoncy 

Desoiption Ctterla 

VerySoft Tlumb wffl penetrate so9 more than 
1 mch {ZS mm) 

Soft Thumb wffl penetrae soil about 1 
inch (25 mm) 

Firm TtaimbwiU ndent soi Aout 1/4 inch 
(6 mm) 

Hard Ttaimb wiH not indent soil but readily 
indented with thumbrtaii 

Very Haid Ttumbnait will not indent soil 

Criteria for DescrHsIng Cementation 

Des<»iption CrSeria 

Weak Cntmbles or breaks with hancfling or 
fittle rtiger f^essure 

Moderate Cmmbles or breaks with 
considerable finger pressure 

Strong WiO not crumUa or break with finger 
pressure 

Crfterfa lor Describing Partlda Shape 

Ths p a i t i ^ shape Shan t>e descrtied as toHows 
where length, nvidth. and thkiuiess refer to 
greatest, irsermediate. and least cfimensions ot a 
particle, respectively (see page 104). 

Hat Panicles wfth widih/lhiduiess 
ratio>3 

Elongated Paflkstes u«h lenothhiri<ah ratio > 3 

Raiand 
Bongated 

Particles meet criteria for txMh flat 
andelongatad 

Description Critetia 

l4onplastic A1/8 inch (3 mm) thread cannot be 
iDSed at any water contam. 

Low The thread can t>are)y be rolled and 
the lump cannot be formed when 
drier than the plastic Bm'it. 

Medium The thread is easy to mil and nol 
much time is required to reach the 
plastic Smit. The thread cannot be 
rolled aflw reaching the plastk: limit. 
The lufflp Humbles when drier than 
the plastic limit. 

High It takes consideratrie time roiling and 
kneading to reach the plastic limit. 
The thread can be reraOed several 
times after reactiing the plastic liirtit. 
The lump can be fonned without 
cnjrnbfiT>g vrtten drier than the plastic 
limit. 

Mentlflcatkin of Inorganic Fina-Grsirted Soils 
from Manual Tests 

Soil 
Symbol 

ML 

a 

MH 

CH 

Dry Strength 

Nona to low 

Medium to 
high 

Lowto 
medium 

High to very 
high 

Dilatancy. 

Stow to 
rapid 

None to 
stow 

None to 
stow 

None 

Toughness 

Low or thread 
cannot be 

formed 

Medium 

Low to medium 

High 

Crileila for Describing Moistufe Condition 

Descriplion Criteria 

Dry Absence of moisture, dusty, dry to 

the touch 

Moist Damp but no visa>le waler 

Wet VisUe free water, usually soil is 
betow water table 

Figure 6 ASTM Criteria for Describing Soil (cont.) 

10 



TITLE GEOLOGIC LOGGING 

SEDIMENT PARTICLE SIZE AND SHAPE ESTIMATES 

GRAPH FOR DETERMINING SIZE OF SEDIMENTARY PARTICLES 

W>»* S^ATA 

I I l U i h 
3 INCHES 

0 1 2 3 4 5 
' I ' l 

7 8CM 

HIQK 
SPHtRicr ry 

LOW 
SPHERICITY 

COBBLES RANGE FROM 6.4 TO 25.6 cm (-2.5 T010.1 INCHES) 
BOULDERS ARE LARGEH THAN 25.6 cm (>t0.1 INCHES) 

SEDIMENT PARTICLE SHAPES 

o 
0 0 

o o 
0 

o 
0 

o 
0 

VERY ANGULAR • SUB- SUB ROUNDED W E U -
ANOULAR ANGULAR ROt^NOED ROUNDED 

Figure 7 Sediment Particle Size and Shape Estimates 
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5. Moisture content The amount of soil moisture (dry, moist, or wet). 

6. Relative density or consistency. An estimate of density of a granular soil or consis­
tency ofa cohesive soil, usually based on the standard penetration test results (see 
Table 1). 

7. Soil Structure or Mineralogy. Description of discontinuities, inclusions, and struc­
tures. Includes joints, fissures, and slickensides. 

4. Core Logging 

4.1 Handling of Core 

After the core has been recovered from the corehole and the core barrel has been opened, 
the core should be placed in a core box. The top ofthe core should be placed at the back left 
comer ofthe core box, and the remaining core placed to the right ofthe preceding section (see 
Figure 8). The core box should be filled in this manner, moving to the front sections ofthe core 
box. The beginning of each run should be marked on the core and also noted with a marked 
wooden block. 

4.2 Rock Description 

Each stratigraphic unit in the core shall be logged. A line marking the depth ofthe top 
and the bottom ofthe unit shall be drawn horizontally. In classifying the rock, the geologist 
should avoid being too technical, as the information presented must be used by niunerous people 
with widely divergent backgrounds. 

The classification and description of each unit should be given in the following order, as 
applicable: 

1. Unit designation (Miami oolite, Claj/ton Formation, Chattanooga shale); 

2. Rock type; 

3. Hardness; 

4. Degree of weathering; 

5. Texture; 

6. Structure; 

12 
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SYRACUSE, MEW r o w 
KA<QSt 

conawwjii j i '- i is* 
«£aiW[Ha ooAE RUN > lajr • » j r 

EXAMPLE: OUTSIDE CORE BOX COVER 

INSIDE CORE BOX COVER 

RECORD THIS INFORMATION ON EACH END PANEL 

SrTE NAME . 

LOCATION . 

JOB NUMBER . 

VITELL NUMBER 
BOX — O F 
CORES» I I I 
FOOTAGELZIZ—E 

SIDE PANELS 

Figure 8 Core Box 
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7. Color; 

8. Solution and void conditions; 

9. Swelling properties; 

10. Slaking properties; and 

11. Additional description, such as mineralization, size, and spacing shale 
seams, etc. 

Variations from the general description ofthe unit and features not included in the gen­
eral description shall be indicated by brackets and lines to show the depth and the interval in the 
core where the feature exists. These variations and features shall be identified by terms that will 
adequately describe the feature or variation so as to delineate it from the unit. These may be 
zones or seams of different color, texture, etc., from that ofthe unit as a whole, such as staining; 
variations in texture; shale seams, gypsum seams, chert nodules, calcite masses, etc.; mineralized 
zones; vuggy zones, joints, fractures; open and/or stained bedding planes; faults, shear zones, 
gouge; cavities' thickness, open or filled, nature of filling, etc.; or any core left in.the bottom of 
the hole after the final pull. 

Rock Type and Lithology 

1. Rock will be classified according to the following 24 types: 

• Sandstone 

• Conglomerate 

• Coal 

• Compaction Shale 

• Cemented Shale 

• Indurated Clay 

• Limestone 

• Chalk 

• Gneiss 

• Schist 

14 



TITLE: 

CATEGORY: 

: GEOLOGIC LOGGING 

I GEO 4.8 REVISED: March 1998 

• Graywacke 

• Quartzite 

• Dolomite 

• Marble 

• Soapstone and Serpentine 

• Slate 

• Granite 

• Diorite 

• Gabbro 

• Rhyolite 

• Andesite 

• Basalt 

• Tuff or Tuff Breccia 

B Agglomerate or Flow Breccia 

2. Lithologic characteristics should be included to differentiate rocks ofthe 
same classification. These adjectives should be simple and easily under­
stood, such as shaly, sandy, dolomitic, etc. Inclusions, nodules, and con­
cretions should also be noted here. 

3. It is important to maintain a simple but accurate rock classification. The 
rock type and lithologic characteristics are essentially used to differenti­
ate the rock units encountered. 

Hardness 

The terms for hardness, as outlined below, were modified to include the use ofa rock 
hammer. 

1. Very soft or plastic - can be deformed by hand (has a rock-like character 
but can be broken easily by hand). 

15 



TITLE: 

CATEGORY: 

GEOLOGIC LOGGING 

GEO 4.8 REVISED: j March 1998 

2. Soft - can be scratched with a fingernail (cannot be crumbled between 
fingers but can be easily pitted with light blows ofa geology hammer). 

3. Moderately hard - can be scratched easily with a knife; cannot be 
scratched with a fingernail (can be pitted with moderate blows ofa geol­
ogy hammer). 

4. Hard - difficult to scratch with a knife (cannot be pitted with a geology 
hammer but can be chipped with moderate blows of the hammer). 

5. Very hard - cannot be scratched with a knife (chips can be broken off 
only with heavy blows ofthe geology hammer). 

Weathering 

The degree and depth of weathering is very important and should be accurately detailed 
in the general description and clearly indicated on the drill log. 

1. Unweathered - no evidence ofany mechanical or chemical alteration. 

2. Slightly weathered - superficial discoloration, alteration, and/or discol­
oration along discontinuities; less than 10% ofthe rock volume is altered; 
strength is essentially unaffected. 

3. Moderately weathered - discoloration is evident; surface is pitted and 
altered, with alterations penefrating well below rock surfaces; 10% to 
50% ofthe rock is altered; strength is noticeably less than unweathered 
rock. 

4. Highly weathered - entire section is discolored; alteration, is greater than 
50%; some areas of slightly weathered rock are present; some minerals 
are leached away; retains only a fraction of its original strength (wet 
strength is usually lower than dry strength). 

5. Decomposed - saprolite; rock is essentially reduced to a soil with a relic 
rock texture; can be molded or crumbled by hand. 

Texture 

Textiu-e is used to denote the size ofthe grains or crystals comprising the rock, as op­
posed to the arrangement of the grains or crystals, which is considered a structure. 

1. Aphanitic - grain diameter less than 0.004 inch (0.1 mm); individual 
grains or crystals are too small to be seen with the naked eye. 

16 
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2. Fine-grained, finely crystalline - grain diameter between 0.004 inch (0.1 
mm) and 0.003 (1 mm); grains or crystals can be seen with the naked eye. 

3. Medium-grained, crystalline - grain diameters between 0.003 foot (1 
mm) and 0.0175 foot (5 mm). 

4. Coarse-grained, coarsely crystalline - grain diameter greater than 
0.0175 foot (5 mm). 

Structure 

The structural character ofthe rock shall be described in terms of grain or crystal align­
ment, bedding, and discontinuities, as applicable. The terms may be used singularly or paired. 

1. Foliation and/or lineation - give approximate dip uniformity, degree of 
distinctiveness, banding, etc. 

2. Joints: 
a. Type - bedding, cleavage, foliation, extension, etc. 
b. Degree of openness - tight or open. 
c. Surface or joint plane characteristics - smooth, rough, imdulating. 
d. Weathering - degree, staining. 
e. Frequency - see (4). 

3. Fractures, shears, gouge: 
a. Nature - single plane or zone. (Note thickness.) 
b. Character of materials in plane or zone. 
c. Slickensides. 

4. Frequency: 
a. Intact - spacing greater than 6 feet (2 m). 
b. Slightly jointed (fractured) - spacing 3 feet (1 m) to 6 feet (2 m). 
c. Moderately jointed (fractured) - spacing 1 foot (0.3 m) to 3 feet 

( lm) . 
d. Highly jointed (fractured) - spacing 0.3 foot (9.1 cm) to 1 foot (0.3 m). 
e. Intensely jointed (fractured) - spacing less than 0.3 foot (9.1 cm). 

5. Bedding is used to describe the average thickness ofthe individual beds 
within recognized unit, and the terms thick, medium, or thin should not be 
applied to the individual beds. "Parting" and "band" are used to describe 
single stratum as outlined below: 
a. Massive - over 3 feet thick (1 m). 
b. Thick - 1 foot (30.5 cm) to 3 feet (1 m) thick. 
c. Medium - 0.3 foot (9.1 cm) to 1 foot (30.5 cm) thick. 
d. Thin - 0.1 foot (3.0 cm) to 0.3 foot (9.1 cm) thick. 

17 
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e. Band - 0.02 foot (6 mm) to 0.1 foot (3.0 cm) thick, described to the nearest 0.01 
foot, 

f Parting - less than 0.02 foot (6 mm), 
g. Paper-thin parting. 

The terms and descriptions for the structure of the rock are to be used to describe the 
character ofthe rock units recognized and are not to be used as a substitute for describing indi­
vidual discontinuities. Except for areas where the rock is intensely fractured or jointed, each dis­
continuity should be described on the log as to position, dip, staining, weathering, breccia, 
gouge, etc. 

Color is often valuable in correlating or differentiating samples, but can be misleading or 
uninformative. The color ofa sample should represent the sample in terms of basic hues (i.e., 
red, blue, gray, black), supplemented with modifying hues as required (i.e., bluish gray, mottled 
brown). The core should be surface wet when describing the color; if it is dry, the log should 
indicate "dry color." Subjective colors, such as buff or maroon, should not be used. Specific 
color charts, such as the Mumsel Color Chart or the Color Index in the Colorado School of 
Mines, Quarterly, Volume 50, No. 1, are useful in describing color of samples. When such a 
chart or index is used, it should be noted on the log in the remarks column. 

Solution and Void Conditions shall be described in detail, as these features can affect 
the strength ofthe rock and can indicate potential seepage paths through the rock. When cavities 
are detected by drill action, the depth to top and bottom of the cavity should be determined by 
measuring the stick-up ofthe drill tools when the cavity is first encountered and again at the bot­
tom, as it is very difficult to reconstruct cavities from the core alone. Filling material, when pre­
sent and recovered, should be described in detail opposite the cavity. When no material is recov­
ered from the area of the cavity, the inspector should note the probable conditions of the cavity 
as determined from observing the drilling action and the color of the drill fluid. If the drill action 
indicated material was present (i.e., slow rod drop, no loss of drill water, noticeable change in 
color ofwater retum), it should be noted on the log that the cavity was probably filled and the 
materials should be described as best as possible from the cuttings or traces left on the core. If 
drill action indicates the cavity was open (i.e., no resistance to the drill tools, loss of drill fluid), 
this should be noted on the drill log. Partially filled cavities should also be noted. All of these 
observations require close observation of the drill action and water retum by both the inspector 
and the driller; accurate measurement of stick-ups; and detailed inspection ofthe core. When 
possible, filling material should be wrapped in foil if left in the core box. If the material is to be 
tested or examined in the lab, it should be sealed in ajar with proper labels and a spacer, with a 
note showing the disposition ofthe material should be placed in the core box at the point from 
which the material was taken. Terms to describe voids encoimtered shall be as follows: 

1. Porous - voids less than 0.003 foot (1 mm) in diameter. 

2. Pitted - voids 0.03 foot (1 mm) to 0.02 foot (6 mm) in diameter. 

3. Vug - voids 0.02 foot (6 mm) to the diameter ofthe core. 

4. Cavity - voids greater than diameter of the core. 

18 
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4.3 Core Labeling 

The top ofthe core should be shown on each piece of core with an arrow written in a 
black, waterproof marker. The arrow will indicate which end ofthe core is nearer the ground 
surface. Other core markings may include locations of mechanical breaks and drilling footages. 

4.4 Core Box Labeling 

Each core box should be labeled as follows: 

• On the top left comer of the outer core box, the project name, site location (city and 
state), and project number should be written. 

• On the lower right comer ofthe outer core box, the corehole number (e.g., MWI, 
BH2), core box number (e.g., 1 of 2, 2 of 2), and the interval ofthe core mn contained 
in the core box should be written. 

• The side panels should be marked as indicated in Figure 8. 

• The inside of the core box cover should be marked as indicated in Figure 8. 

4.5 Core Storage 

It is unportant to use proper-sized (HQ or NQ) wooden core boxes for rock core storage. 
After labeling the box and before closing the box for final storage or shipment, wooden spacers 
should be inserted into each compartment that contains rock core. This will prevent lateral 
movement ofthe cores, which could damage the rock material during handling. 

After properly logging, labelling, and packing the cores, the core boxes should be stored 
in a dry location, preferably off of the floor on a pallet. The boxes can be stacked to a reasonable 
height so as not to be unstable, with end labelling facing out. 

5. References 

American Society for Testing and Materials (ASTM), 1975, Test Method for Classification of 
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1. Introduction 

1.1 Scope 

This document provides basic information on the operation and application of the Geo­
probe Model 8-A hydraulic sampler for subsurface investigations. E & E uses the Geoprobe for 
hazardous waste site investigations. In addition, field procedures and limitations of the Geo­
probe are discussed. This document is meant to be used in conjunction with other E & E stan­
dard operating procedures for field operations and incorporates all ofthe safety precautions that 
should be followed when planning a Geoprobe subsurface investigation. 

1.2 Objectives 

Geoprobes can collect one-time subsurface samples to detemiine the presence and/or ex­
tent of contaminants in soil gas, groundwater, and soils with a minimum disturbance ofthe 
ground surface. The Geoprobe Model 8-A is a hydraulically powered, van-mounted subsurface 
sampling device capable of collecting subsurface soil gas samples, subsurface soil samples, and 
groundwater samples. The information obtained from the Geoprobe investigation can be used to 
define the extent of contamination in the area and assist in determining the placement of moni­
toring wells. 

1.3 Method Selection Considerations 

The Geoprobe provides a means of rapidly assessing the presence of contaminants in 
near-surface unconsolidated soils. The Geoprobe 8-A can penefrate much farther in dry, loose 
soil than in tightly bound clay and is not recommended for use in rocky soils or tightly com­
pacted glacial till deposits. Other subsurface investigation methods should be considered for 
sampling in consolidated deposits. Use ofthe Geoprobe 8-A in these situations may result either 
in damage to the Geoprobe or injury to the operator. 

2. Description 

The Geoprobe 8-A is a hydraulically powered probing device. The unit consists ofa 
powered percussion hammer that is slide-mounted on a derrick and has a 3.5-foot stioke. The 
derrick assembly hydraulically folds and unfolds from the tiaveling or storage position in the rear 
compartment of the van. The derrick is also adjustable in both the fore and aft directions, as well 
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as angle, to ensure the derrick is vertical. There are no side-to-side adjustments on E & E's 
commercial Geoprobes. 

The Geoprobe 8-A uses the weight of the van and a hydraulically powered percussion 
hammer to advance 3-foot-long rods into the ground. The probe rods are hardened steel with an 
inside diameter (ID) of 0.5 inch and an outside diameter (OD) of 1 inch. The operator contiols 
the hydraulic hammer through the use of levers, and the helper assists by adding sections of rod. 
Depending on the purpose ofthe investigation, the lead rod will be equipped to collect soil, 
groundwater, or soil gas samples. After the lead rod has been driven into the ground 2.5 feet, the 
helper attaches an additional 3-foot-long section of rod and the process is repeated until the de­
sired depth has been reached. 

3. Responsibilities 

3.1 Operator 

The crew consists of an operator and a helper. The operator is responsible for the safe 
and efficient operation ofthe Geoprobe, and also performs the daily inspections and mainte­
nance. In addition, the operator inventories the supplies and equipment daily and ensures that an 
adequate supply of expendable parts are on hand. 

The operator is responsible for completing the subsurface investigation in accordance 
with the site-specific work plan and in a safe manner consistent with the site health and safety 
plan. Routinely, the operator is also the field team leader and as such, is responsible for (1) the 
quality ofthe samples recovered from the Geoprobe; (2) compliance with the project's quality 
assurance/quality control requirements; and (3) completion ofthe site log. 

If the operator observes any unsafe or potentially dangerous situations, the operator will 
stop operations until the proper corrective actions have been taken. The operator has the author­
ity to secure operations at any location if the operator concludes that the conditions are danger­
ous or could compromise the quality ofthe samples. 

3.2 Helper 

The primary fiinction ofthe helper is to assist the operator in conducting the subsurface 
investigation. The helper is responsible for assembling, securing, and disassembling the rods and 
other sampling tools used in the investigation. The helper is also responsible for ensuring that all 
ofthe equipment is properly decontaminated and that all tools are in proper working order. 

If the helper notices any imsafe or potentially dangerous situations, the helper will inform 
the operator immediately. The helper must be attentive to conditions around the Geoprobe be­
cause the operator will be concentrating on the operation of the unit. 
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3.3 Site Safety Coordinator 

The site safety coordinator (SSC) is responsible for ensuring that the subsurface investi­
gation is completed as outlined in the site health and safety plan. The SSC will ensure that all 
overhead and buried utilities (e.g., electrical lines, telephone lines, natural gas lines) have been 
identified and located prior to commencing the subsurface investigation. The SSC will be famil­
iar with the operations ofthe Geoprobe and the potential hazards posed by its operation. In , 
many cases, the operator or helper also serves as the SSC. 

4. Planning the Geoprobe Survey 

In planning the Geoprobe survey, research should be conducted on local and regional ge­
ology and hydrogeologic conditions; historic records on the size ofthe site; past waste disposal 
practices; types of waste material disposed of at the site; and depth and orientation of waste ma­
terial. Sites should be evaluated in terms of their hydrogeologic setting. This evaluation will 
indicate the effectiveness of the survey, given site conditions. 

4.1 Researching the Site 

Prior to designing the field survey, the following information should be collected, if 
available, from reconnaissance surveys, interviews, and research reviews: 

• Information on the types and locations of materials that may be buried on site to de­
termine where subsurface investigations should not be conducted with a Geoprobe, 
and to identify the type(s) of samples to be collected; 

• Information on the surface layout ofthe site being studied, including information on 
topography, site boimdaries, and the locations of buildings, rail lines, overhead and 
buried utility lines (e.g., electric lines, pipelines, etc.), scrap disposal areas, and other 
structures that may prevent the proper operation of the Geoprobe; and 

• Maps, drawings, and photographs ofthe area; historical aerial photographs may indi­
cate previous disposal areas and poor waste disposal practices, and can also provide a 
base map for plotting data. 

4.2 Defining and Mapping the Survey Site 

After obtaining background data, the proposed sampling locations should be laid out 
based on the locations of buried material. Safety and accessibility are other factors to consider 
when locating sampling locations. 
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5. Field Procedures 

5.1 Overhead and Buried Utilities 

The use ofa Geoprobe on a site or project near electrical power lines and other utilities 
requires that special precautions be taken by both the operator and the helper. Electricity can 
shock, bum, and cause death. By law, overhead and buried utilities must be located, noted, and 
emphasized on all subsurface investigation location plans and assessment sheets. When over­
head electrical power lines exist at or near the site, consider all wires to be Uve and dangerous. 
Watch for sagging power lines before entering the site. Do not lift power lines to gain entiance; 
call the power company and ask them to raise the lines or de-energize the lines. Before raising 
the derrick near power lines, walk completely around the unit. Determine what the minimum 
distance from any point on the unit to the nearest power line will be when the derrick is being 
raised. Do not raise the derrick or operate the unit if this distance is less than 25 feet or, if 
known, the minimum clearance stipulated by federal, state, and local regulations. To avoid con­
tact with power lines, never move the Geoprobe with the derrick in a raised position. 

Ifthere are any questions conceming the safety of drilling on sites near overhead power 
lines, contact the power company. The power company will provide expert advice at the site as a 
public service at no cost. 

Underground electrical utilities are as dangerous as overhead power lines. Be aware and 
always suspect the existence of underground utilities. Ifa sign waming of underground utilities 
is located on a site boimdary, do not assume that underground utilities are located on or near the 
boimdary or property line under the sign. Always contact the owners of utilities and determine 
jointly the precise location of underground utility lines, and mark or flag the locations. Besides 
electrical, other utilities that need to be checked are gas, telephone, water, cable TV, fiber optics 
(very important because of the cost to repair them), and sewer. Potentially responsible parties 
(PRPs) are often uncooperative in this regard. Private locators can be contiacted to survey areas 
that the utility locators will not. 

5.2 Operating the Geoprobe 

5.2.1 Visual inspection 

At the start of each work day, the operator must visually inspect the Geoprobe. This in­
cludes (1) checking the hydraulic fluid levels and the hydrauhc lines for fraying, cuts, or leaks; 
(2) checking the derrick and attachments assembly for adequate lubrication and for damage, 
nicks, burrs, and leaks; (3) removing any unnecessary dust, dirt, or oil to prevent jams or damage 
to the equipment; (4) checking nuts and bolts; and (5) checking the sampling equipment (e.g., 
drive rods, anvils, and pull caps). Figures 1 and 2 show the inspection points on the Geoprobe 
8-A. 
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Figure 1 Side View of Inspection Points on the Hydraulic Unit 
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Figure 2 Front View of Inspection Points on the Hydraulic Unit 
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5.2.2 Setup of the Geoprobe 

Following the visual inspection and routine maintenance ofthe Geoprobe, the unit is 
ready for operation. The following steps describe the setup procedures for the Geoprobe 8-A: 

• Position the vehicle at the sampling location. Park the van as level as possible; the 
van must be level in the side-to-side aspect to drive the rods properly. If on an in­
cline, point the front ofthe van upgradient. If possible, face the van downwind to 
avoid potential cross-contamination from the vehicle's exhaust and to prevent exhaust 
fumes from entering the work area. 

• Set the parking brake and position the chock blocks in front of the front wheels. 

• Open and secure the rear doors in the open position with the bungee cords provided 
so that wind or vibrations will not cause the doors to swing into the work area during 
operation. 

• Attach the exhaust hose to the tailpipe and direct the exhaust downwind from the 
work area. 

• Start the vehicle engine with the remote ignition switch located on the side panel in­
side the rear ofthe vehicle. Switch the cooling fan to the "on" position (switch in side 
panel). Set the toggle switch on the Geoprobe 8-A contiol panel to the middle (slow) 
position to activate the hydraulic system clutch. See Figure 3 for a diagram ofthe 
control panel. 

• Push the FOLD lever down to raise the derrick assembly from its resting position to 
clear the hydraulic hoses. The derrick assembly should be raised no more than 1 foot 
because ofthe clearance restiictions ofthe rear doors. 

Push the EXTEND lever down to move the derrick assembly backward out ofthe ve­
hicle. Watch the clearance ofthe derrick at the top ofthe door opening. Extend the 
derrick to the full back position so that the top ofthe derrick will clear the van doors 
when raising the derrick. 

Push the FOLD lever down again to raise the derrick to a vertical position. 

Lift the EXTEND lever to bring the derrick assembly back close to the vehicle to 
lessen the stiain on the derrick mount assembly. Proper position is approximately 1 
foot behind the rear bumper. 

Push down on the FOOT lever until the foot contacts the ground. 
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• Adjust the derrick until it is vertical, using the lever provided to check for true verti­
cal. 

• Adjust the foot by pushing down on the FOOT lever and raising the rear bumper of 
the van approximately 1 foot. Do not raise the rear wheels off of the groimd. 

• Lift up on the PROBE lever and raise the derrick to its maximum height. Check that 
the derrick is tme vertical and adjust as necessary. 

• Shut off the hydraulics by switching the toggle switch on the control panel fiilly 
down, and secure the anvil in its cradle with the hammer latch. Never work on or in 
the hammer while the hydraulics are engaged. 

• Assemble the desired lead rod and sampling assembly and attach a drive cap to the 
top ofthe lead rod. 

• Place the toggle switch up to the slow position, and place the lead rod below the 
hammer assembly. The lead rod should be centered and parallel with the derrick. 
Push down on the PROBE lever while ensuring that the drive cap is seated in the an­
vil. 

The Geoprobe 8-A is now ready to advance the sampler into the ground. 

5.2.3 Rod Advancement 

To advance the lead rod to the project depth, the following procedures should be fol­
lowed when using the Geoprobe 8-A: 

• With the toggle switch in the center (slow) position, the operator continues to hold the 
PROBE lever down. The lead rod will need to be steadied with the operator's hand 
until the anvil is in contact with the lead rod. Only the operator, who is handling the 
contiols, should steady the rod or reach near the hammer assembly. The lead rod will 
be pushed slowly into the ground. This procedure allows the operator to gauge the 
soil resistance and avoid deflection. 

• . At the point where the lead rod does not advance and the weight ofthe van is placed 
on the rod, move the toggle switch to the full up (fast) position. Push down again on 
the PROBE lever and continue to push the lead rod. Allow the rear ofthe van to rise 
6 inches off of the ground. When the weight ofthe van is insufficient to push the rod 
into the ground, push the HAMMER lever down. When the rod has advanced to the 
point where the derrick foot is again on the ground, release the HAMMER lever, and 
push the PROBE lever down until the van rises 6 inches. Repeat this process until the 
rod is fully driven into the ground. 
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• Raise the hammer anvil to its full height by lifting the PROBE lever, and tum the 
toggle switch to the off position. Never reach into or around the hammer anvil while 
the toggle switch is in the on position. The helper then removes the drive cap from 
the lead rod and attaches the drive cap to the next rod to be used. The helper then at­
taches the next 3-foot rod section to the rod that has just been driven. 

• The toggle switch is raised to the fast position, and Steps 2 and 3 are repeated until 
the desired depth is reached. If the rods do not advance, do not attempt to force them. 

The Geoprobe 8-A is now ready for the crew to perform the required sampling activities. 

5.2.4 Rod Removal 

After completion ofthe required sampling activities, the rods may be extiacted from the 
ground by lifting the PROBE lever and raising the hammer assembly. Put the toggle switch in 
the off position, and lift the hammer latch to remove the anvil. Leave the hammer latch open. 
Once the helper has attached the pulling cap to the rod, the operator will position the toggle 
switch to the middle (slow) position and push the PROBE lever down and lower the hammer as­
sembly down to the pulling cap. The operator will tum the toggle switch off and will close the 
hammer latch under the pulling cap. The operator will place the toggle switch in the slow posi­
tion and lift the PROBE lever Up to raise the hammer assembly fiilly up. (NOTE: The rods 
should never be pulled out in the fast position, as this increases the chances of breaking the 
hammer latch.) The operator will then push the PROBE lever down and lower the hammer as­
sembly sufficiently to clear the pulling cap. The toggle switch is then placed in the slow posi­
tion, and the PROBE lever is lifted to raise the hammer assembly fiilly up. The toggle switch is 
then placed in the off position, and the helper removes the exposed rod and attaches the pulling 
cap to the next rod section. The sequence is repeated until all rod sections are removed from the 
ground. 

5.2.5 Shutdown 

After the rods have been extiacted from the ground, the Geoprobe 8-A is ready to be shut 
down and moved to the next sampling location. The following procedures should be followed 
when securing the Geoprobe 8-A: 

• Place the toggle switch in the middle (slow) position, push the PROBE lever down, 
and lower the hammer assembly to the bottom ofthe derrick. 

• Lift the FOOT lever to raise the foot completely. 

• Push the EXTEND lever down to fiilly extend the derrick. 

• Check to make sure that all hydraulic and electrical lines are clear ofthe derrick stor­
age area. 

10 
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• Lift the FOLD lever to fold the derrick assembly to the horizontal position. 

• Lift the EXTEND lever to bring the derrick assembly forward into the van. 

• Move the toggle switch to the off position to shut offthe hydraulics. 

• Tum offthe cooling fan on the switch in the rear ofthe van,.and shut offthe engine 
using the remote ignition switch on the same panel. 

• Remove the exhaust hose from the tailpipe, and remove the chock blocks. Close the 
doors to complete the shutdown. 

The Geoprobe 8-A is now ready to be moved to the next location. 

6. Subsurface Soil Sampling 

The Geoprobe 8-A is capable of collecting discrete subsurface soil samples with a special 
soil sampling probe that is screwed onto the end ofthe lead rod. The sampler consists ofthe 
sample tube, cutting shoe, piston tip and piston rod, drive head, and a piston stop pin. A 2-foot-
long acetate liner fits inside the sample tube, allowing the collection ofa 2-foot-long soil sample. 
The following steps describe the procedures to follow when collecting soil samples: 

• Assemble a clean, decontaminated soil sampler. Attach the drive head to the sample 
tube. Insert the acetate liner with the lip toward the cutting shoe end. Insert the pis­
ton tip and piston rod into the sample tube by feeding the piston rod through the hole 
in the drive head and attach the cutting shoe to the bottom ofthe sample tube. Ensure 
that the piston tip is allowed to slide downward until it is seated in the cutting shoe. 
Tighten the piston stop pin to complete the assembly. Note that the piston stop pin 
has a left-handed thread. The piston stop pin must be tight, or vibrations may cause 
the soil sampler to open at the wrong depth. 

• Attach the 1-foot-long adapter rod, and use this assembly as the lead rod. 

• Drive rods in a normal manner to the depth from where the sample is to be collected. 

• When the specified sample depth is reached, raise the hammer assembly to the top of 
the derrick and remove the drive cap. 

• Three-foot-long, threaded, 0.25-inch-diameter extension rods are used to loosen the 
piston stop pin. Insert the extension rods into the open drive rods, and attach each rod 
with a 0.25-inch-ID coupling nut. Connect as many rods as necessary to reach the 
piston stop pin. Attach an extension rod handle to the top ofthe last extension rod. 

11 



Tum the extension rod handle in a clockwise direction two to three revolutions. At­
tempt to lift the threaded rods; the rods caimot be lifted if they have started into the 
piston stop pin. Continue tuming the extension rod handle clockwise until the 
threaded rods have been completely seated into the piston stop pin; the piston stop pin 
is now ready to be removed. Remove the threaded extension rods one at a time until 
all have been removed from the drive rods. The last threaded extension rod should 
have the piston stop pin attached. 

Reattach the drive cap and lower the hammer assembly. 

Advance the drive rods 2 feet. 

Extiact all drive rods and remove the soil sampler. 

Repeat these steps as necessary to collect additional subsurface soil samples. 

7. Groundwater Sampling 

The Geoprobe 8-A is capable of collecting groundwater samples with tygon bailers or a 
peristaltic pump. The tygon bailers are 3/8-inch OD, which can be inserted into the drive rods. 
A check valve in the leading end ofthe bailer may be used to pmnp the groundwater sample 
from the rods, or, if soil conditions pemiit, the drive rods can be extracted and a 0.75-inch-OD 
bailer can be used in the open hole. If a peristaltic pump is used, tygon tubing is lowered down 
the rods into the groundwater to collect the groimdwater sample. The tubing is then placed into 
the peristaltic pump, and the groundwater is pumped to the surface. The following steps describe 
the procedures to follow when collecting groimdwater samples. 

• The lead rod is assembled using the 2-foot slotted rod, a 1-foot adapter, and an ex­
pendable tip. 

• The rods are driven in the normal manner until the slotted rod section is beneath the 
groundwater table. 

• The drive cap is removed from the drive rod, and the pulling cap is attached. 

• The rods are lifted about 1 foot, which allows the expendable tip to separate from the 
lead rod. Groundwater will enter the drive rod, and a groundwater sample can now 
be collected through the rods. 

• Extract the drive rods in a normal manner. 

12 
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8. Soil-Gas Sampling 

The Geoprobe 8-A is capable of collecting discrete soil-gas samples using the post-mn 
tubing (PRT) system, which is screwed into the end ofthe lead rod. The PRT system consists of 
a PRT expendable point holder with threads for a PRT adapter, a PRT adapter, an expendable 
point, and disposable tubing. The following steps describe the procedures to follow when col­
lecting soil-gas samples with the Geoprobe. 

• Assemble a clean, decontaminated PRT expendable point holder to a clean, decon­
taminated lead rod. 

• Place a mbber "O" ring on a clean, decontaminated expendable drive point, then place 
the drive point into the PRT expendable point holder. 

• Drive rods in a normal manner to the depth from where the sample is to be collected. 

• When the specified sample depth is reached, remove the drive cap and attach the pull 
cap. Pull the rod up approximately 1 foot. This will release the drive point and ex­
pose the open end ofthe PRT expendable point holder. Remove the pull cap to ex­
pose the open end of the rod. 

• Attach a clean, decontaminated PRT adapter with a mbber "O" ring to the end ofthe 
tubing and then insert the tubing and the PRT adapter down the inside of the rods un-
til the PRT comes into contact with the PRT expendable point holder. 

• Cut the tubing at the surface so that there is plenty of tubing to connect to the vacuum 
source. Tum the tubing until the PRT adapter screws securely into the PRT point 
holder. 

• The soil-gas sample is now extiacted from the soil and into a container using a vac­
uum. The container (glass bulb or Tedlar bag) is placed in-line between the vacuum 
pump and the tubing emerging from the drive rods. The sample is then collected us­
ing a vacuum. The vacuum is generated by the on-board vacuum volume pump. This 
pump will allow the operator to determine the volume of vapor extiacted from the 
soil. 

B Once the soil-gas sample is collected, extiact all drive rods and the PRT expendable 
point holder. The expendable point will remain in the ground. 

• Repeat these steps as necessary to collect additional subsurface soil-gas samples. 

13 
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9. Abandonment of Probe Holes 

Before probe holes can be abandoned, regulations from the state in which the soil boring 
and well abandonment will be performed should be consulted. Each state may have specific 
regulations for soil boring and well abandonment, and these regulations can dictate the method 
and material that will be used to plug the probe holes. However, in most cases, the state will re­
quire that the probe holes be backfilled with some sort of bentonite clay (granular or a slurry). 

10. References 
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1. Scope and Application 

The purpose of this procedure is to provide a description of methods for preventing or 
reducing cross-contamination and general guidelines for designing and selecting decontamina­
tion procedures for use at potential hazardous waste sites. The decontamination procedures cho­
sen will prevent introduction and cross-contamination of suspected contaminants in environ­
mental samples, and will protect the health and safety of site personnel. 

2. Method Summary 

Removing or neutralizing contaminants that have accumulated on personnel and equip­
ment ensures protection of personnel from permeating substances, reduces/eliminates transfer of 
contaminants to clean areas, prevents the mixing of incompatible substances, and minimizes the 
likelihood of sample contamination. 

Cross-contamination can be removed by physical decontamination procedures. The abra­
sive and non-abrasive methods include the use of brushes, high pressure water, air and wet blast­
ing, and high pressure Freon cleaning. These methods should be followed by a wash/rinse proc­
ess using appropriate cleaning solutions. A general protocol for cleaning with solutions is as fol­
lows: 

1. Physical removal. 
2. Non-phosphate detergent plus tap water. 
3. Tap water. 
4. 10% nitric acid. 
5. Distilled/deionized water rinse. 
6. Solvent rinse. 
7. Total air dry. 
8. Triple rinse with distilled.Meionized water. 

This procedure can be expanded to include additional or alternate solvent rinses that will 
remove specified target compounds if required by site-specific work plans (WP) or as directed by 
a particular client. 

3. Interferences 

The use of distilled/deionized water commonly available from commercial vendors may 
be acceptable for decontamination of sampling equipment provided that it has been verified by 
laboratory analysis to be analyte-free distilled/deionized water. Distilled water available from 
local grocery stores and pharmacies is generally not acceptable for final decontamination rinses. 
Contaminant-free deionized water is available from commercial vendors and may be shipped di­
rectly to the site or your hotel. 
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The use of an unfreated potable water supply is not an acceptable substitute for tap water. 
Tap water may be used from any municipal water treatment system. 

4. Equipment/Apparatus 

The following are standard materials and equipment used as a part ofthe decontamina­
tion process: 

• Appropriate protective clothing; 

• Air purifying respirator (APR); 

• Field log book; 

• Non-phosphate detergent; 

• Selected high purity, contaminant-free solvents; 

• Long-handled brushes; 

• Drop cloths (plastic sheeting); 

• Trash containers; 

• Paper towels; 

• Galvanized tubs or equivalent (e.g., baby pools); 

• Tap water; 

• Contaminant-free distilled/deionized water; 

• Metal/plastic container for storage and disposal of contaminated wash solutions; 

• Pressurized sprayers, H2O; 

• Pressurized sprayers, solvents; 

• Trash bags; 

• Aluminum foil; 

• Sample containers; 
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Safety glasses or splash shield; and 

Emergency eyewash bottle. 

5. Reagents 

There are no reagents used in this procedure aside from decontamination solutions used 
for the equipment. The type of decontamination solution to be used shall depend upon the type 
and degree of contamination present and as specified in the project/site-specific Quality Assur­
ance Project Plan (QAPP). 

In general, the following solvents are utilized for decontamination purposes: 

• 10% nitric acid wash ( reagent grade nitric acid diluted with deionized/distilled water 
- 1 part acid to 10 parts water)"; 

• Acetone (pesticide grade)^ ; 

• Hexane (pesticide grade)''; 

• Methanol; and 

• Methylene chloride''. 

''Only if sample is to be analyzed for trace metals. 
''Only if sample is to be analyzed for organics requiring specific or specialized decon­

tamination procedures. These solvents must be kept away from samples in order to avoid con­
tamination by decon solvents. 

6. Procedures 

Decontamination is the process of removing or neutralizing contaminants that have ac­
cumulated on both personnel and equipment. Specific procedures in each case are designed ac­
cordingly and may be identified in either the Health and Safety Plan (HSP), WP, QAPP, or all 
three. 

As part ofthe HSP, a personnel decontamination plan should be developed and set up 
before any personnel or equipment enters the areas of potential contamination. Decontamination 
procedures for equipment will be specified in the WP and the associated QAPP. These plans 
should include: 

• Number and layout of decontamination stations; 

• Decontamination equipment needed (see Section 4); 
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• Appropriate decontamination methods; 

• Procedures to prevent contamination of clean areas; 

• Methods and procedures to minimize worker contact with contaminants during re­
moval of protective clothing; 

• Methods and procedures to prevent cross-contamination of samples and maintain 
sample integrity and sample custody; and 

• Methods for disposal of contaminated clothing, equipment, and solutions. 

Revisions to these plans may be necessary for health and safety when the types of protec­
tive clothing, site conditions, or on-site hazards are reassessed based on new information. 

Prevention of Contamination 

Several procedures can be established to minimize contact with waste and the potential 
for contamination. For example: 

• Employing work practices that minimize contact with hazardous substances (e.g., 
avoid areas of obvious contamination, avoid touching potentially hazardous sub­
stances); 

• Use of remote sampling, handling, and container-opening techniques; 

B Covering monitoring and sampling equipment with plastic or other protective mate­
rial; 

• Use of disposable outer garments and disposable sampling equipment with proper 
containment of these disposable items; 

• Use of disposable towels to clean the outer surfaces of sample bottles before and after 
sample collection; and 

• Encasing the source of contaminants with plastic sheeting or overpacks. 

Proper procedures for dressing prior to entrance into contaminated areas will minimize 
the potential for contaminants to bypass the protective clothing. Generally; all fasteners (zippers, 
buttons, snaps, etc.) should be used, gloves and boots tucked under or over sleeves and pant legs, 
and all junctures taped (see the Health and Safet)' Plan for these procedures). 
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Decontamination Methods 

All personnel, samples, and equipment leaving the contaminated area ofa site must be 
decontaminated to remove any chemicals or infectious organisms that may have adhered to them. 
Various decontamination methods will either physically remove, inactivate by chemical detoxifi­
cation/disinfection/sterilization, or remove contaminants by both physical and chemical means. 

In many cases, gross contamination can be removed by physical means. The physical 
decontamination techniques can be grouped into two categories: abrasive methods and non-
abrasive methods. 

6.1 Abrasive Cleaning Methods 

Abrasive cleaning methods work by rubbing and wearing away the top layer ofthe sur­
face containing the contaminant. The following reviews the available abrasive methods. 

Mechanical 

Mechanical methods include using brushes with metal, nylon, or natural bristles. The 
amount and type of contaminants removed will vary with the hardness of bristles, length of time 
brushing, and degree of brush contact. Material may also be removed by using appropriate tools 
to scrape, pry, or otherwise remove adhered materials. 

Air Blasting 

Air blasting equipment uses compressed air to force abrasive material through a nozzle at 
high velocities. The distance between nozzle and surface cleaned, air pressure, and time of air 
blasting dictate cleaning efficiency. The method's disadvantages are its inability to confrol the 
exact amount of material removed and its large amount of waste generated. 

Wet Blasting 

Wet blast cleaning involves the use ofa suspended fine abrasive. The abrasive/water 
mixture is delivered by compressed air to the contaminated area. By using very fine abrasives, 
the amount of materials removed can be carefully confrolled. 

6.2 Non-abrasive Cleaning Methods 

Non-abrasive cleaning methods work by either dissolution or by forcing the contaminant 
off a surface with pressure. In general, less ofthe equipment surface is removed using non-
abrasive methods. 
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High-Pressure Water 

This method consists ofa high-pressure pump, an operator confrolled directional nozzle, 
and high-pressure hose. Operating pressure usually ranges from 340 to 680 psi, which relates to 
flow rates of 20 to 140 1pm. 

Steam Cleaning 

This method uses water delivered at high pressure and high temperature in order to re­
move accumulated solids and/or oils. 

Ultra-High-Pressure Water 

This system produces a water jet from 1,000 to 4,000 atm. This ultra-high-pressure spray 
can remove tightly-adhered surface films. The water velocity ranges from 500 m/sec. (1,000 
atm) to 900 m/sec. (4,000 atm). Additives can be used to enhance the cleaning action, if ap­
proved by the QAPP for the project. 

High-Pressure Freon Cleaning 

Freon cleaning is a very effective method for cleaning cloth, rubber, plastic, and exter­
nal/internal metal surfaces. Freon 113 (trichlorotriflorethane) is dense, chemically stable, rela­
tively non-toxic, and leaves no residue. The vapor is easily removed from the air by activated 
charcoal. A high pressure (1,000 atm) jet of liquid Freon 113 is directed onto the surface to be 
cleaned. The Freon can be collected in a sump, filtered, and reused. 

Physical removal of gross contamination should be followed by a wash/rinse process us­
ing cleaning solutions. One or more ofthe following methods utilize cleaning solutions. 

Dissolving 

Removal of surface contaminants can be accomplished by chemically dissolving them, 
although the solvent must be compatible with the equipment and protective clothing. Organic 
solvents include alcohols, ethers, ketones, aromatics, straight-chain alkanes, and common petro­
leum products. Halogenated solvents are generally incompatible with protective clothing and are 
toxic. Table 1 provides a general guide to the solubility of contaminant categories in four types 
of solvents. 

Surfactants 

Surfactants reduce adhesion forces between contaminants and the surface being cleaned 
and prevents reposition ofthe contaminants. Non-phosphate detergents dissolved in tap water is 
an acceptable surfactant solution. 

. 6 
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Rinsing 

Contaminants are removed and rinsing through dilution, physical atfraction, and solubili­
zation. 

Disinfection/Sterilization 

Disinfectants are a practical means of inactivating infectious agents. Unfortunately, stan­
dard sterilization methods are impractical for large equipment and personal protective clothing. 

6.3 Field Sampling Equipment Cleaning Procedures 

The following steps for equipment cleaning should be followed for general field sampling 
activities. 

1. Physical removal (abrasive or non-abrasive methods). 
2. Scrub with non-phosphate detergent plus tap water. 
3. Tap water rinse. 
4. 10% nitric acid (required during sampling for inorganics only). 
5. Distilled/deionized water rinse. 
6. Solvent rinse (required during sampling for organics only). 
7. Total air dry (required during sampling for organics only). 
8. Triple rinse with distilled/deionized water. 

Table 1 lists solvent rinses which may be required for elimination ofparticular chemicals. 
After each solvent rinse, the equipment should be air-dried and triple-rinsed with dis­
tilled/deionized water. 

Solvent rinses are not necessarily required when organics are not a contaminant of con­
cern. Similarly, an acid rinse is not necessarily required if analysis does not include inorganics. 

NOTE: Reference the appropriate analytical procedure for specific decontamination solu­
tions required for adequate removal ofthe contaminants of concem. 

Sampling equipment that requires the use of plastic or teflon tubing should be disassem­
bled, cleaned, and the tubing replaced with clean tubing, ifnecessary, before commencement of 
sampling or between sampling locations. 
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Table 1 Decontamination Solvents 

Solvent ' 
Water 

Dilute Bases 
For example: 
• detergent 
• soap 

Organic Solvents: 
For example: 
• alcohols (methanol) 
• ethers 
• ketones 
• aromatics 
• straight-chain alkanes (e.g., hexane) 
• corhmon petroleum products (e.g., fuel oil, 

kerosene) 

Soluble Contaminants 
Low-chain compounds 
Salts 
Some organic acids and other polar compounds 
Acidic compounds 
Phenol 
Thiols 
Some nitro and sulfonic compounds 
Nonpolar compounds (e.g., some organic com­
pounds) 

WARNING: Some organic solvents can permeate and/or degrade the protective clothing. 

7. Quality Assurance/Quality Control 

QA/QC samples are intended to provide information conceming possible cross-
contamination during collection, handling, preparation, and packing of samples from field loca­
tions for subsequent review and interpretation. A field blank (rinsate blank) provides an addi­
tional check on possible sources of contamination from ambient air and from sampling instru­
ments used to collect and fransfer samples into sample containers. 

A field blank (rinsate blank) consists ofa sample of analyte-free water passed 
through/over a precleaned/decontaminated sampling device and placed in a clean area to attempt 
to simulate a worst-case condition regarding ambient air contributions to sample contamination. 

Field blanks should be collected at a rate of one per day per sample matrix even if sam­
ples are not shipped that day. The field blanks should return to the lab with the trip blanks origi­
nally sent to the field and be packed with their associated mafrix. 

The field blank places a mechanism of control on equipment decontamination, sample 
handling, storage, and shipment procedures. It is also indicative of ambient conditions and/or 
equipment conditions that may affect the quality ofthe samples. 

Holding times for field blanks analyzed by CLP methods begin when the blank is re­
ceived in the laboratory (as documented on the chain of parameters and associated analytical 
methods). 

Holding times for samples and blanks analyzed by SW-846 or the 600 and 500 series be­
gins at the time of sample collection. 
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8. Health and Safety 

Decontamination can pose hazards under certain circumstances even though performed to 
protect health and safety. Hazardous substances may be incompatible with decontamination 
methods (i.e., the method may react with contaminants to produce heat, explosion, or toxic prod­
ucts). Decontamination methods may be incompatible with clothing or equipment (e.g., some 
solvents can permeate and/or degrade protective clothing). Also, a direct health hazard to work­
ers can be posed from chemical decontamination solutions that may be hazardous if inhaled or 
may be flammable. 

The decontamination solutions must be determined to be compatible before use. Any 
method that permeates, degrades, or damages personal protective equipment should not be used. 
If decontamination methods do pose a direct health hazard, measures should be taken to protect 
personnel or modified to eliminate the hazard. 

All site-specific safety procedures should be followed for the cleaning operation. At a 
minimum, the following precautions should be taken: 

1. Safety glasses with splash shields or goggles, neoprene gloves, and laboratory apron 
should be wom. 

2. All solvent rinsing operations should be conducted under a fume hood or in open air. 

3. No eating, smoking, drinking, chewing, or any hand-to-mouth contact is permitted. 

9. References 

Field Sampling Procedures Manual, New Jersey Department of Environmental Protection, 1988. 

A Compendium of Superfund Field Operations Methods, EPA 540/p-87/001. 

Engineering Support Branch Standard Operating Procedures and Quality Assurance Manual, 
USEPA Region IV, April 1, 1986. 

Occupational Safety and Health Guidance Manual for Hazardous Waste Site Activities, 
NIOSH/OSHA/USCG/EPA, October 1985. 
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1. Introduction 

Liquid and solid environmental samples are routinely collected by E & E during field 
surveys, site investigations, and other site visits for laboratory analysis. Unless the samples have 
anesthetic, noxious, or other properties that could inhibit the ability of a flight crew member to 
perform his or her duty or are known to meet the established U.S. Department of Transportation 
criteria for hazardous material (i.e., explosive, corrosive, flammable, poisonous), they are not 
regulated as hazardous materials. 

This Standard Operating Procedure (SOP) describes the packaging procedures to be used 
by E & E's staff to ensure the safe arrival ofthe samples at the laboratory for analyses. These 
procedures have been developed to reduce the risk of damage to the samples (i.e., breakage of 
the sample containers), promote the maintenance of sample temperature within the cooler, and 
prevent spillage of the sampled material should a contamer be broken. 

In the event the sample material meets the established criteria of a DOT hazardous ma­
terial, the reader is referred to E & E's Hazardous Materials/Dangerous Goods Shipping Guid­
ance Manual (see H&S 5.5). 

2. Scope 

This SOP describes procedures for the packaging of environmental samples in: 

• Coolers; 

• Steel, aluminum and plastic dmms; and 

• 4GV fiberboard boxes. 

The Hazardous Materials/Dangerous Goods Shipping Guidance Manual will complete 
the information needed for shipping samples by providing guidance on: 

• Hazard determination for samples which meet the USDOT definition of a hazardous 
material; 

• Shipping profiles for "standard" shipments; 

B Shipping procedures for "non-standard" shipments; 

• Marking ofpackages containing hazardous materials; 

• Labeling of packages containing hazardous materials; and 

• Preparation of shipping papers for hazardous materials shipment. 

1 
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3. Sample Packaging Procedures 

3.1 General 

It is E & E's intent to package samples so securely that there is no chance of leakage dur­
ing shipment. This is to prevent the loss of samples and the expenditure of fiinds for emergency 
responses to spills and the efforts necessary to re-obtain the sample. 

Over the years, E&E has developed several "standard" package configurations for tiie 
shipping of environmental samples. These standard package configurations are described below. 

Liquid samples are particularly vulnerable. Because transporters (carriers) do not know 
the difference between a package leaking distilled water and a package leaking a hazardous 
chemical, they will react to a spiU in an emergency fashion, potentially causing enormous ex­
pense to E & E for the cleanup of the sample material. Therefore, liquids are to be packed in 
multiple layers of plastic bags and absorbent/cushioning material to preclude any possibility of 
leaks from a package. This section defines the standard packaging configurations for environ­
mental samples. 

3.2 Liquid Environmental Sample Packaging Procedures 

Liquid environmental samples should be collected and preserved as outiined in the Stan­
dard Operating Procedures (SOP) for Surface Water Sampling (ENV 3-12), and Groundwater 
Well Sampling (ENV 3.7). Preserved water samples are not considered to meet the HM/DG 
definitions of Class 8 (Corrosive) due to the preservative and are therefore considered to be 
nonhazardous samples. Liquid environmental samples may be shipped using an 80-quart cooler 
or an outer package consisting of either a steel or aluminum dmm. Because the steel and alumi­
num dmms provide littie insulating capability, they should not be used for samples that require 
icing. 

Packaging Liquid Environmental Samples Using the 80-Quart Cooler 

• Label and seal all water sample botties according to appropriate sampling SOPs; 

• Secure the bottie caps using fiberglass tape; and 

• Place each amber, poly, and volatile organic analysis (VOA) bottle in a sealable plas­
tic bag. Mark the temperature blank VOA bag for identification. 

If a foam block insert is used: 

• Line the cooler with two plastic bags; 

• Place a foam insert (with holes cut to receive the sample botties) mside the plastic 
bag; 
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• Place the botties in the holes in the foam block; 

• Fill void spaces with bagged ice to the top of the cooler; 

• Fold over the plastic bags lining the cooler and secure shut with tape; 

• Place Chain-of-Custody (C-O-C) form in a sealable bag and tape it to the inside of the 
cooler lid; and 

• Secure the cooler with strapping tape and custody seal. Cover the custody seals with 
clear tape. 

If acceptable absorbent material is used: 

• Place 1 inch of inert absorbent material in the bottom of the cooler; 

• Line the cooler with two plastic bags; 

• Place each sample bottie inside the inner bag; 

• FUl the void spaces around the bottles with absorbent to about half the height of the 
large botties; 

• Fill the remainder of the void spaces with bagged ice to within 4 inches of the top of 
the cooler, making sure the VOAs are in direct contact with a bag of ice; 

• Fold over the plastic bags lining the cooler and secure shut with tape; 

• Fill the remaming space in the cooler with absorbent to the top of the cooler; 

• Place C-O-C form in a sealable bag and tape it to the inside of the cooler lid; and 

• Secure the cooler with strapping tape and custody seal. Cover the custody seals with 
clear tape. 

Note: Acceptable absorbent materials must not react dangerously with the liquid and include 
vermiculite only if certified asbestos free. 

Alternate Packaging Using 1A2/1B2 Drum 

• Place 3 inches of inert absorbent material in the bottom of the dmm; 

• Line the dmm with two plastic bags; 

• Place each sample bottle inside the inner bag; 
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• Fill the void spaces around the bottles with absorbent to the height of the larger bot­
ties; 

• Fold over the plastic bags lining the dmm and secure shut with tape; 

• Fill the remaining space in the dmm with absorbent to the top of the dmm; 

• Place C-O-C form in a sealable bag and tape it to the inside of the dmm lid; and 

• Secure the drum with closing ring and apply custody seals. Cover the custody seals 
with clear tape. 

3.3 Soil/Sediment Environmental Sample Packaging Procedures 

Soil/sediment environmental samples should be collected as outiined in the SOP for Soil 
Sampling (ENV 3.13), and SOP for Sediment Sampling (ENV 3.8). Soil/sediment environmen­
tal samples may be shipped using an 80-quart cooler, a 4GV fiberboard combination package, or 
an outer package consisting of either a steel or aluminum dmm. Because the steel and aluminum 
dmms provide little insulating capability, they should not be used for samples that require icing. 

Packaging Soil/Sediment Environmental Samples 

• Label and seal each sample container according to SOPs; 

• Secure the bottle caps using fiberglass tape; 

• Place each sample botfle inside a sealable plastic bag and place it in its original ship­
ping box or in individual fiberboard boxes. Mark the temperature blank bag for iden­
tification; and 

• Secure the original shipping box with strapping tape, place shipping box in a plastic 
bag, and secure the plastic bag with tape. 

If an 80-quart cooler is used: 

• Place bubble pack or similar material on the bottom and sides of an 80-quart cooler; 

• Place the bagged shipping boxes in the cooler with a layer of bubble pack between 
each box; 

• Fill the void spaces with "blue ice" or ice in baggies to the top of the cooler; 

• Place C-O-C form in a sealable baggie and tape it to the mside of the cooler lid; and 
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• Secure the cooler with strapping tape and custody seal. Cover the seals with clear 
tape. 

If a 1A2/1B2 dmm is used: 

B Place 3 inches of inert absorbent material in the bottom ofthe dmm; 

• Line tiie dmm with two plastic garbage bags; 

• Place the boxes inside the inner bag; 

• Fill the space around the samples with absorbent; 

• Fold over the plastic bags lining the dmm and secure shut with tape; 

• Fill the remaining space aroimd the bags with absorbent to the top of the dmm; 

• Place C-O-C form in a sealable bag and tape it to the inside of the dmm lid; and 

• Secure the dmm with the closing ring and apply custody seals. Cover the custody 
seals with clear tape. 

Note: If a small number of samples are being shipped, it may be more practical to pack­
age them using the absorbent or foam block configurations used for shipping liq­
uid samples. 

4. Shipping Procedures 

Environmental samples are to be shipped as nonhazardous cargo. Unless the samples 
have anesthetic, noxious, or otiier properties that could inhibit tiie ability of a flight crew member 
to perform his or her duty or are khown to meet the established U.S. Department of Transporta­
tion criteria for a hazardous material (i.e., explosive, corrosive, flammable, poisonous), they are 
not regulated as hazardous materials. When preparing the containers (i.e., cooler, dmm, or box) 
for shipment, E&E staff must remove all labels from the outside container. Labels indicating 
that the contents may be hazardous are misleading and are not appropriate. Markings indicating 
ownership ofthe container, destmation, and chain of custody labels are acceptable and can be 
attached as required. 

When completing the paperwork for shipment, the standard nonhazardous forms must be 
used. Do not use the hazardous materials/dangerous goods airbills, either in total or in part; these 
forms are coded and their use will invite unnecessary questions. This will only serve to confuse 
DHL or Federal Express' terminal personnel and will cause much fmstration and the delay of 
sample shipment. 

Environmental sample packages can be shipped ovemight by both DHL and Federal Ex­
press. When choosing between the two, cost should be considered. It is normally much cheaper 
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to ship DHL. In addition, DHL tends to have remote locations open later in the evenings than 
Federal Express, which may be helpfiil when trying to complete a full day's sampling effort and 
still make the flights on time. Although both companies offer pickup of samples at the site, it is 
advisable to call ahead and ensure that this service is offered beforehand. In almost all cases, 
both companies wUl deliver to the laboratory of your choice on Samrdays. When plarming for 
sampling activities, check with the companies in advance to verify pick-up and delivery sche­
dules. 
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1. Introduction 

This document describes the procedures for the collection of representative soil samples. 
Representative sampling ensures the accurate characterization of site conditions. Analysis of soil 
samples may determine pollutant, concenfrations and the accompanying risks to public health, 
welfare, or the environment. 

2. Scope 

Included in this discussion are procedures for obtaining representative samples, quality 
assurance/quality confrol (QA/QC) measures, proper documentation of sampling activities, and 
recommendations for personnel safety. 

3. Method Summary 

Soil samples may be recovered using a variety of methods and equipment. These are de­
pendent on the depth ofthe desired sample, the type of sample required (disturbed vs. undis­
turbed), and the soil type. 

Samples of near-surface soils may be easily obtained using a spade, stainless-steel spoon, 
trowel, or scoop. Sampling at greater depths may be performed using a hand auger; a power au­
ger; or, ifa test pit is required, a backhoe. 

All sampling devices should be cleaned using pesticide-grade acetone (assuming that ace­
tone is not a target compound) or methanol, then wrapped in clean aluminum foil, and custody 
sealed for identification. The sampling equipment should remain in this wrapping until it is 
needed. Each sampler should be used for one sample only. However, dedicated tools may be 
impractical if there is a large number of soil samples required. In this case, samplers should be 
cleaned in the field using standard decontamination procedures as outhned in E & E's Standard 

• Operating Procedure (SOP) for Sampling Equipment Decontamination (see ENV 3.15). 

4. Sample Preservation, Containers, Handling, and 
Storage 

The chemical preservation of solids is not generally recommended. Refrigeration is usu­
ally the best approach, supplemented by a minimal holding time. 

Soil samples should be handled according to the procedures outlined in E & E's SOP for 
Sample Packaging (see ENV 3.16). 
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5. Potential Problems 

Potential problems with soil sampling include cross-contamination of samples and im­
proper sample collection. Cross-contamination problems can be eliminated or minimized 
through the use of dedicated sampling equipment and bottles. If this is not possible or practical, 
then decontamination of sampling equipment is necessary. Improper sample collection is gener­
ally the result ofthe use of contaminated equipment; the disturbance ofthe matrix, resulting in 
compaction ofthe sample; and inadequate homogenization ofthe sample where required, result­
ing in variable, nonrepresentative results. Specific advantages and disadvantages of soil sam­
pling equipment are presented in Table 5-1. 

Table 5-1 Soil Sampling Equipment 
Equipment Applicability j Advantages and Disadvantages >; 

Trier 

Scoop, trowel, spoon, 
or spatula 
Tulip bulb planter 

Spade or shovel 

Vehimeyer soil outfit 

Soil coring device and 
auger 

Thin-walled tube 
sampler 

Split-spoon sampler 

Soft surface soil 

Soft surface soil 

Soft soil, 0 to 6 inches 

Medium soil, 0 to 12 
inches 

Soil, Oto 10 feet 

Soft soil, 0 to 24 inches 

Soft soil, Oto 10 feet 

Soil, 0 inches to bed­
rock 

Inexpensive; easy to use and decontaminate; diffi­
cult to use in stony, dry, or sandy soil. 
Inexpensive; easy to use and decontaminate; frow­
els with painted surfaces should be avoided. 
Easy to use and decontaminate; uniform diameter 
and sample volume; preserves soil core (suitable 
for volatile organic analysis (VOA) and undis­
turbed sample collection); limited depth capabil­
ity; not useful for hard soils. 
Easy to use and decontaminate; inexpensive; can 
result in sample mixing and loss of volatile or­
ganic compounds (VOCs). 
Difficult to drive into dense or hard material; can 
be difficult to pull from ground. 
Relatively easy to use; preserves soil core (suit­
able for VOA and undisturbed sample collection); 
limited depth capabiHty; can be difficult to decon­
taminate. 
Easy to use; preserves soil core (suitable for VOA 
and undisturbed sample collection); may be used 
to help maintain integrity of VOA samples; easy 
to decontaminate; can be difficult to remove cores 
from sampler. 
Excellent depth range; preserves soil core (suit­
able for VOA and undisturbed sample collection); 
acetate sleeve may be used to help maintain integ­
rity of VOA samples; useful for hard soils; often 
used in conjunction with drill rig for obtaining 
deep cores. 
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Table 5-1 Soil Samplinq EquiDment 
|B • i iciuipment M Applicability Advantages and Disadvantages 

Shelby tube sampler 

Laskey sampler 

Bucket auger 

Hand-operated power 
auger 

Continuous-flight au­
ger 

Dutch auger 

Eijkelcamp stoney soil 
auger 
Backhoe 

Soft soil, 0 inches to 
bedrock 

Soil, 0 inches to bed­
rock 

Soft soil, 3 inches to 
10 feet 

Soil, 6 inches to 15 feet 

Soil, 0 inches to bed­
rock 

Designed specifically 
for wet, fibrous, or 
rooted soils (e.g., 
marshes) 
Stoney soils and asphalt 

Soil, 0 inches to 10 feet 

Excellent depth range; preserves soil core (suit­
able for VQA and undisturbed sample collection); 
tube may be used to ship sample to lab undis­
turbed; may be used in conjunction with drill rig 
for obtaining deep cores and for permeability test­
ing; not durable in rocky soils. 
Excellent depth range; preserves soil cores; used 
in conjunction with drill rig for obtaining deep 
core; can be, difficult to decontaminate. 
Easy to use; good depth range; uniform diameter 
and sample volume; acetate sleeve may be used to 
help maintain integrity of VOA samples; may dis­
mpt and mix soil horizons greater than 6 inches in 
thickness. 
Good depth range; generally used in conjunction 
with bucket auger for sample collection; destroys 
soil core (unsuitable for VOA and undisturbed 
sample collection); requires two or more equip­
ment operators; can be difficult to decontaminate; 
requires gasoline-powered engine (potential for 
cross-contamination). 
Excellent depth range; easy to decontaminate; can 
be used on all soil samples; results in soil mixing 
and loss of VOCs. 

Good depth range; provides visual indications as 
to depth of contaminants; allows for recovery of 
samples at specific depths; can result in loss of 
VOCs and soil mixing; shoring required at depth. 

Note: Samplers may not be suitable for soils with coarse fragments. 
Augers are suitable for soils with limited coarse Augments; only the stoney auger will work well in very gravelly soil. 

6. Soil Sampling Equipment 

Soi l Sampl ing Equipment List 

• Stainless-steel spoon 

• Trier 
• Scoop 
• Trowel 
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• Spatula 
• Stainless-steel tulip bulb planter 
• Spade or shovel 
• Vehimeyer soil sampler outfit 

- tubes 
points 
drive head 

- drop hammer 
fuller jack and grip 

• Soil-coring device 
• Thin-walled tube sampler 
• SpUt-spoon sampler 
• Shelby tube sampler 
• Laskey sampler 
• Bucket auger 
• Hand-operated power auger 
• Continuous-flight auger 
• Dutch auger 
• Eijkelcamp stoney soil auger 
• Backhoe 
• Hand auger with replaceable sleeves 

Sampling Support Equipment and Documentation List 

• Sampling plan 
• Sample location map 
• Safety equipment, as specified in the Health and Safety Plan 
• Decontamination supplies and equipment, as described in the Work Plan 
• Compass 
• Tape measure 
• Survey stakes or flags 
a Camera 
• Stainless-steel buckets or bowls 
• Sample containers, precleaned (e.g., I-Chem) 
• Logbook 
• Chain-of-custody forms 
• Plastic sheet 
• Soil gas probes 
• Infiltiometer 
• Pounding sleeve 
• Extension rods 
• T-handle 
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Labeling, Packaging, and Shipping Supplies 

• Coolers 
• Labels for sample containers and coolers (e.g., "fragile") 
• Ice 
• Plastic bags for sample containers and ice 
• ESC paint cans and clamps for polychlorinated biphenyl sampling 
• Vermiculite (only if certified asbestos free) or other absorbent 
• Duct and strapping tape 
• Federal Express airbUls and pouches 

6.1 Geophysical Equipment 

Geophysical techniques can be integrated with field analytical and soil sampling equip­
ment to help define areas of subsurface contamination. For a description of the geophysical 
techniques and associated applications, refer to E & E's SOP for Surface Geophysical Tech­
niques (see GEO 4.2). 

7. Reagents 

This procedures does not require the use of reagents except for decontamination of 
equipment, as required. Refer to E & E's SOP for Sampling Equipment Decontamination (see 
ENV 3.15) and the Site-Specific Work Plan for proper decontamination procedures and appro­
priate solvents. 

8. Procedures 

8.1 Office Preparation 

1. The preparation of a Healtii and Safety Plan is required prior to any sampling. The 
plan must be approved and signed by the Corporate Health and Safety Officer or 
his/her designee (i.e., tiie Regional Safety Coordinator). 

2. Prepare a Sampling Plan to meet tiie data quality objectives of the project in accor­
dance with contract requirements. Review avaUable background information (i.e., to­
pographic maps, soil survey maps, geologic maps, other site reports, etc.) to deter­
mine the extent of the sampling effort, the sampling method to be employed, and the 
type and amounts of equipment and supplies required. 

3. Obtain necessary sampling and monitoring equipment (see Section 6), decontaminate 
or preclean the equipment, and ensure that it is in working order. 
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4. Contact the deUvery service to confirm the ability to ship all equipment and samples. 
Determine whether shipping restrictions exist. 

5. Prepare schedules and coordinate with staff, clients, and regulatory agencies, if ap­
propriate. 

8.2 Field Preparation 

1. Identify local suppliers of sampling expendables (e.g., ice and plastic bags) and over­
night delivery services (e.g.. Federal Express). 

2. Decontaminate or preclean all equipment before soil sampling, as described in 
E & E's SOP for Sampling Equipment Decontamination (see ENV 3.15), or as 
deemed necessary. 

3. A general site survey should be performed prior to site entry in accordance with the 
Health and Safety Plan, followed by a site safety meeting. 

4. Identify and stake all sampling locations. If required, the proposed locations may be 
adjusted based on site access, property boundaries, and surface obstmctions. All 
staked locations will be utUity-cleared by the property owner or field team prior to 
soil sampling. 

8.3 Representative Sample Collection 

The objective of representative sampling is to ensure that a sample or group of samples 
adequately reflects site conditions. 

8.3.1 Sampling Approaches 

It is important to select an appropriate sampling approach for accurate characterization of 
site conditions. Each approach is defined below. Table 8-1 summarizes the following sampling 
approaches and ranks them from most to least suitable based on the sampling objective. 

8.3.1.1 Judgmental Sampling 

Judgmental sampling is based on the subjective selection of sampling locations relative to 
historical site information, on-site investigation (site walk-over), etc. There is no randomization 
associated with this sampling approach because samples are collected primarily at areas of sus­
pected highest contaminant concentiations. Therefore, any statistical calculations based on the 
sampling results would be unfairly biased. 
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Table 8-1 Representative Sampling Approach Comparison 

i P^lplj'sjii •;•'.:,V •• 1 Stratified Systematic - Systematic • ' : ' r ' l 
iSaiiSlirtgyObjectiye Judigmentar Random i Random Grid Random Search! Transects J 

Establish Threat 
Identify Sources 
Delineate Extent of 
Contamination 
Evaluate Treatment and 
Disposal Options 
Confirm Cleanup 

1 
1 
4 

3 

4 

4 
4 
3 

3 

1̂  

3 
2 
3 

1 

3 

2' 
2" 
l ' 

2 

l ' 

3 
3 
1 

2 

1 

3 
2 
1 

4 

1 

2 
3 
1 

2 

1̂  

Preferred approach. 
Acceptable approach. . 
Moderately acceptable approach. 
Least acceptable approach. 
Should be used with field analytical screening. 
Preferred only where known trends are present. 
Allows for statistical support of cleanup verification if sampling over entire site. 

8.3.1.2 Random Sampl ing 

Random sampling involves the arbitiary collection of samples within a defined area. Re­
fer to EPA 1984 and EPA 1989 for a random number table and guidelines on selecting sample 
coordinates. The arbitiary selection of sample locations requires each sample location to be cho­
sen independently so that results in all locations within the area of concem have an equal chance 
of being selected. To facilitate statistical probabilities of contaminant concentration, the area of 
concem must be homogeneous with respect to the parameters being monitored. Thus, the higher 
the degree of heterogeneity, the less the random sampling approach will reflect site conditions 
(see Figure 8-1). 

8.3.1.3 Strat i f ied Random Sampl ing 

Stratified random sampling relies primarily on historical information and prior analytical 
results to divide the area of concem into smaller sampling areas, or "sfrata." Stiata can be de­
fined by several factors, including sampling depth, contaminant concentration levels, and con­
taminant source areas. Sampling locations should be selected within a strata using random selec­
tion procedures (see Figure 8-2). 

8.3.1.4 Systemat ic Gr id Sampl ing 

Systematic grid sampling involves the division of the area of concem into smaller sam­
pling areas using a square or triangular grid. Samples are then collected from the intersections of 
the grid lines, or "nodes." The origin and direction for placement ofthe grid should be selected 
by using an initial random point. The distance between nodes is dependent upon the size ofthe 
area of concem and the number of samples to be collected (see Figure 8-3). 
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8.3.1.5 Systematic Random Sampling 

Systematic random sampling involves dividing the area of concem into smaller sampling 
areas as described in Section 8.3.1.4. Samples are collected within each grid cell using random 
selection procedures (see Figure 8-4). 

8.3.1.6 Biased-Search Sampling 

Search sampling utilizes a systematic grid or systematic random sampling approach to 
define areas where contaminants exceed cleanup standards (i.e., hot spots). The distance be­
tween the grid lines and number of samples to be collected are dependent upon the acceptable 
level of error (i.e., the chance of missing a hot spot). This sampling approach requires that as­
sumptions be made regarding the size, shape, and depth of hot spots (see Figure 8-5). 

8.3.1.7 Transect Sampling 

Transect sampling involves establishing one or more fransect lines, parallel or nonparal-
lel, across the area of concem. If the lines are parallel, this sampling approach is similar to sys­
tematic grid sampling. The advantage of tiansect sampling over systematic grid sampling is the 
relative ease of establishing and relocating fransect lines as opposed to an entire grid. Samples 
are collected at regular intervals along the fransect line at the surface and/or at a specified 
depth(s). The distance between the sample locations is determined by the length ofthe line and 
the number of samples to be collected (see Figure 8-6). 
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8.3.2 Surface Soi l Samples 

Collection of samples from near-surface soil can be accomplished with tools such as 
spades, spoons, shovels, and scoops. The surface material can be removed to the required depth 
with this equipment; stainless-steel or plastic scoops can then be used to collect the sample. 

This method can be used in most soil types, but is limited to sampling near-surface areas. 
Accurate, representative samples can be collected with this procedure, depending on the care and 
precision demonstrated by the sampling technician. The use of a flat, pointed mason frowel to 
cut a block ofthe desired soil can be helpful when imdisturbed profiles are required (e.g., for 
volatile organic analyses [VOAs]). A stainless-steel scoop, lab spoon, or plastic spoon will suf-
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fice in most other applications. Care should be exercised to avoid the use of devices plated with 
chrome or other materials, as is common with garden implements such as potting frowels. 

Soil samples are collected using the following procedure: 

1. CarefuUy remove the top layer of soil to the desired sample depth with a precleaned 
spade; 

2. Using a precleaned, stainless-steel scoop, spoon, trowel, or plastic spoon, remove and 
discard the thin layer of soil from the area that came into contact with the shovel; 

3. Transfer the sample into an appropriate container using a stainless-steel or plastic lab 
spoon or equivalent. If composite samples are to be collected, place the soil sample 
in a stainless-steel or plastic bucket and mix thoroughly to obtain a homogeneous 
sample representative of the entire sampling interval. Place the soil samples into la­
beled containers. (Caution: Never composite VOA samples); 

4. VOA samples should be collected directly from the bottom ofthe hole before mixing 
the sample to minimize volatilization of contaminants; 

5. Check to ensure that the VOA vial Teflon liner is present in the cap, if required. Fill 
the VOA vial fiilly to the top to reduce headspace. Secure the cap tightly. The 
chemical preservation of solids is generally not recommended. Rcfiigeration is usu­
ally the best approach, supplemented by a minimal holding time; 

6. Ensure that a sufficient sample size has been collected for the desired analysis, as 
specified in the Sampling Plan; 

7. Decontaminate equipment between samples according to E & E's SOP for Sampling 
Equipment Decontamination (see ENV 3.15); and 

8. Fill in the hole and replace grass turf, ifnecessary. 

QA/QC samples should be collected as specified, according to the Work Plan. 

8.3.3 Sampling at Depth with Augers and Thin-Walled Tube Samplers 

This system consists of an auger, a series of extensions, a T-handle, and a thin-walled 
tube. The auger is used to bore a hole to a desired sampling depth and is then withdrawn. The 
auger tip is then replaced with a tube core sampler, lowered down the borehole, and driven into 
the soil to the completion depth. The core is then withdrawn and the sample is collected. 

Several augers are available, including bucket type, continuous-flight (screw), and post-
hole augers. Because they provide a large volume of sample in a short time, bucket types are 
better for direct sample recovery. When continuous-flight augers are used, the sample can be 
collected directly offthe flights, usually at 5-foot intervals. The continuous-flight augers are sat-
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isfactory for use when a composite ofthe complete soil column is desired. Posthole augers have 
limited utility for sample collection because they are designed to cut through fibrous, rooted, 
swampy soiL 

The following procedures will be used for collecting soil samples with the hand auger: 

1. Attach the auger bit to a drill rod extension, and attach the T-handle to the drill rod. 

2. Clear the area to be sampled ofany surface debris (e.g., twigs, rocks, and litter). It 
may be advisable to remove the first 3 to 6 inches of surface soil from an area ap­
proximately 6 inches in radius aroimd the drilling location. 

3. Begin augering, periodically removing and depositing accumulated soils onto a can­
vas or plastic sheet spread near the hole. This prevents accidental bmshing of loose 
material back down the borehole when removing the auger or adding drill rods. It 
also facilitates refilling the hole and avoids possible contamination of the surrounding 
area. 

4. After reaching the desired depth, slowly and carefully remove the auger from the bor­
ing. When sampling directly from the auger, collect the sample after the auger is re­
moved from the boring and proceed to Step 11. 

5. A precleaned stainless-steel auger sleeve can also be used to collect a sample. After 
reaching the desired sampling depth, remove the auger and place the sleeve inside the 
auger. Collect the sample with the auger. Remove the auger from the boring. The 
sample will be coUected only from the sleeve. The soil from the auger tip should 
never be used for the sample. 

6. Remove the auger tip from the dill rods and replace with a precleaned thin-walled 
tube sampler. Install the proper cutting tip. 

7. Carefully lower the tube sampler down the borehole. Gradually force the tube sam­
pler into the soil. Care should be taken to avoid scraping the borehole sides. Avoid 
hammering t^e drill rods to facilitate coring, because the vibrations may cause the 
boring walls to collapse. 

8. Remove the tube sampler and unscrew the drill rods. 

9. Remove the cutting tip and core from the device. 

10. Discard the top ofthe core (approximately 1 inch), because this represents material 
collected before penefration of the layer in question. Place the remaining core into 
the sample container. 

12 
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11. If required, ensure that a Teflon liner is present in the cap. Secure the cap tightly onto 
the sample container. Place the sample bottle in a plastic bag and put on ice to keep 
the sample at 4°Celsius. 

12. Carefully and clearly label the container with the appropriate sample tag, addressing 
all the categories or parameters listed in E & E's SOP for Sample Packaging and 
Shipping (see ENV 3.16). 

13. Use the chain-of-custody form to document the types and numbers of soil samples 
collected and logged. Verify that the chain-of-custody form is correctly and com­
pletely filled out. 

14. Record the time and date of sample collection, as well as a description ofthe sample, 
in the field logbook. 

15. If another sample is to be collected in the sample hole, but at a greater depth, re-attach 
the auger bit to the drill and assembly, and follow Steps 3 through 11, making sure to 
decontaminate the auger and tube sampler between samples. 

16. Abandon the hole according to applicable regulations. Generally, shallow holes can 
simply be backfilled with the removed soil material. 

17. Decontaminate the sampling equipment per E & E's SOP for Sampling Equipment 
Decontamination (see ENV 3.15). 

8.3.4 Sampling at Depth with a Trier 

1. Insert the trier into the material to be sampled at a 0° to 45 ° angle from horizontal. 
This orientation minimizes the spillage of sample material. Extraction of samples 
may require tilting of the containers. 

2. Rotate the trier once or twice to cut a core of material. 

3. Slowly withdraw the trier, making sure that the slot is facing upward. 

4. Transfer the sample into a suitable container with the aid ofa spatula and bmsh. 

5. If required, ensure that a Teflon liner is present in the cap. Secure the cap tightly onto 
the sample container. Samples are handled in accordance with E & E's SOP for Sam­
ple Packaging and Shipping (see ENV 3.16). 

6. Carefully and clearly label the container with the appropriate sample tag, addressing 
all the categories or parameters listed in E & E's SOP for Sample Packaging and 
Shipping (see ENV 3.16). 
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7. Use the chain-of-custody form to document the types and numbers of soil samples 
collected and logged. 

8. Record the time and date of sample collection as well as a description of the sample 
and any associated air monitoring measurements in the field logbook. 

9. Abandon the hole according to applicable regulations. Generally, shallow holes can 
simply be backfilled with the removed soil material. 

10. Decontaminate sampling equipment per E & E's SOP for Sampling Equipment De­
contamination (see ENV 3.15). 

8.3.5 Sampling at Depth with a Split-Spoon (Barrel) Sampler 

The procedure for split-spoon sampling describes the exfraction of undisturbed soil cores 
of 18 or 24 inches in length. A series of consecutive cores may be sampled to give a complete 
soil column, or an auger may be used to drill down to the desired depth for sampling. The split 
spoon is then driven to its sampling depth through the bottom ofthe augured hole and the core 
exfraction. 

This sampling device may be used to collect information such as soil density. All work 
should be performed in accordance with American Society for Testing and Materials (ASTM) 
D 1586-84, Penetration Test and Split Barrel Sampling of Soils. 

1. Assemble the sampler by aligning both sides of the barrel and then screwing the bit 
on the bottom and the heavier head piece on top. Install a retaining cap in the head 
piece ifnecessary. 

2. Place the sampler in a perpendicular position on the sample material. 

3. Using a sledge hammer or well ring, if available, drive the tube. Do not drive past the 
bottom of the head piece because compression of the sample wiU result. 

4. Record the length ofthe tube used to penefrate the material being sampled and the 
number of blows required to obtain this depth. 

5. Withdraw the split spoon and open by unscrewing the bit and head. If a split sample 
is desired, a clean stainless-steel knife should be used to divide the tube contents in 
half, lengthwise. This sampler is available in 2- and 3.5-inch diameters. The required 
sample volume may dictate the use ofthe larger barrel. If needed, stainless-steel or 
Teflon sleeves can be used inside the split-spoon. If sleeves removed from the split-
spoon are capped immediately, volatilization of contaminants can be reduced. When 
split-spoon sampling is performed to gain geologic information, all work should be 
performed in accordance with ASTM D 1586-67 (reapproved in 1974). 

14 
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6. Cap the sample container, place in a double plastic bag, and attach the label and cus­
tody seal. Record all pertinent data in the field logbook and complete the sample 
analysis request form and chain-of-custody record before collecting the next sample. 

7. If required, preserve or place the sample on ice. 

8. Follow proper decontamination procedures and deliver samples to the laboratory for 
analysis. 

8.3.6 Test Pit/Trench Excavation 

These relatively large excavations are used to remove sections of soils when detailed ex­
amination of soil characteristics (horizontal, stmcture, color, etc.) is required. It is the least cost-
effective sampling method because ofthe relatively high cost of backhoe operation. 

1. Prior to any excavations with a backhoe, it is important to ensure that all sampling lo­
cations are clear of utility lines and poles (subsurface as well as above surface). 

2. Using the backhoe, a french is dug to approximately 3 feet in width and approxi­
mately 1 foot below the cleared sampling depth. Place removed or excavated soils on 
canvas or plastic sheets, ifnecessary. Trenches greater than 4 feet deep must be 
sloped or protected by a shoring system, as required by Occupational Safety and 
Health Adminisfration (OSHA) regulations. 

3. A shovel is used to remove a 1- to 2-inch layer of soil from the vertical face of the pit 
where sampling is to be done. 

4. Samples are collected using a trowel, scoop, or coring device at the desired intervals. 
Be sure to scrape the vertical face at the point of sampling to reniove any soil that 
may have fallen from above, and to expose soil for sampling. Samples are removed 
and placed in an appropriate container. 

5. If required, ensure that a Teflon liner is present in the cap. Secure the cap tightly onto 
the sample container. Samples are handled in accordance with E & E's SOP for Sam­
ple Packaging and Shipping (see ENV 3.16). 

6. CarefuUy and clearly label the container with the appropriate sample tag, addressing 
all the categories or parameters listed in E & E's SOP'for Sample Packaging and 
Shipping (see ENV 3.16). 

7. Use the chain-of-custody form to document the types and numbers of soil samples 
collected and logged. 

8. Record the time and date of sample collection as well as a description of the sample 
and any associated air monitoring measurements in the field logbook. 
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9. Abandon the hole according to applicable state regulations. Generally, excavated 
holes can simply be backfilled with the removed soil material. 

10. Decontaminate sampling equipment, including the backhoe bucket, per E & E's SOP 
for Sampling Equipment Decontamination (see ENV 3.15). 

8.4 Sample Preparation 

In addition to sampling equipment, representative sample collection includes sample 
quantity, volume, preservation, and holding time (see Table 8-2). Sample preparation refers to 
all aspects of sample handling after collection. How a sample is prepared can affect its represen­
tativeness. For example, homogenizing can result in a loss of volatiles and is therefore inappro­
priate when volatile contaminants are the concem. 

8.4.1 Sample Quantity and Volume 

The volume and number of samples necessary for site characterization will vary accord­
ing to the budget, project schedule, and sampling approach. 

8.4.2 Sample Preservation and Holding Time 

Sample preservation and holding times are as discussed in Section 4. 

8.4.3 Removing Extraneous Material 

Discard materials in a sample that are not relevant for site or sample characterization 
(e.g., glass, rocks, and leaves), because their presence may infroduce an error in analytical proce­
dures. 

8.4.4 Homogenizing Samples 

Homogenizing is the mixing ofa sample to provide a uniform distribution ofthe con­
taminants. Proper homogenization ensures that the containerized samples are representative of 
the total soil sample collected. All samples to be composited or split should be homogenized 
after all aliquots have been combined. Do not homogenize samples for volatile compound 
analysis. 
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Table 8-2 Standard Sampling Holding Times, Preservation Methods, and Volume Requirements 
Protocol Hoidin a Time Minimum Vo ume Reauired C o n t a r i e r T x m e T ? : • * • ' • > Preserv« 

Parameter , Soil Water ] Soil ! Water . Soil \ .; vmef:!,, ;i,:; Sbil,̂ .: . -|; ysiatet 
SW-846 1 
VOA' 

Semi-VOA (BNAs)' 

PCBs"'" 

Pesticides/PCBs'''' 

Metals' 

Cyanide' 

Hexavalent 
chromium'' 

Total Organic Car­
bon (TOC)" 

Total Organic Hal­
ides (TOX) 

14 days from 
date sampled 

14 days to 
extract from 
date sampled 
14 days to 
extract from 
date sampled 
14 days to 
extract from 
date sampled 
6 months from 
date sampled 

14 days from 
date sampled 

24 hours from 
time sampled 

NA 

NA 

14 days from 
date sampled 

7 days to ex­
tract from date 
sampled 
7 days to ex­
tract from date 
sampled 
7 days to ex­
tract from date 
sampled 
6 months from 
date sampled 

14 days from 
date sampled 

24 hours from 
time sampled 

28 days from 
date sampled 

7 days from 
date sampled 

15 g 

30 g 

30 g 

30 g 

lOg 

10 g 

lOg 

5g 

100 g 

One 40-mL 
vial; no air 
space 

l l ­

l L 

I L 

300 mL 

100 mL 

SOmL 

10 mL 

200 mL 

Two 40-mL 
vials; no air 
space 

8-oz. glass jar 
with Teflon-
lined cap 
4-oz. glass jar 
with Teflon-
lined cap 
8-oz. glass jar 
with Teflon-
lined cap 
8-oz. glass jar 
with Teflon-
lined cap 

8-oz. glass jar 
with Teflon-
lined cap 

8-oz. glass jar 
with Teflon-
lined cap 

8-oz. glass jar 
with Teflon-
lined cap 

8-oz. glass jar 
with Teflon-
lined cap 

Two 40-mL 
vials; no air 
space 

'/2-gallon am­
ber glass bottle 

Vz-gallon am­
ber glass boUle 

'/2-gallon am­
ber glass bottle 

1-L polyethyl­
ene bottle with 
polyethylene-
lined cap 
1-L polyethyl­
ene boUle with 
polyethylene-
lined cap 
125-mL poly­
ethylene bottle 
with polyethyl­
ene-lined cap 
125-mL poly­
ethylene boUle 
with polyethyl­
ene-lined cap 
1 -L amber 
glass bottle 

Cool to 4'=C 
(ice in cooler) 

Cool to 4°C 
(ice in cooler) 

Cool to 4''C 
(ice in cooler) 

Cool to 4°C 
(ice in cooler) 

Coolto4'>C 
(ice in cooler) 

Cool to 4°C 
(ice in cooler) 

Cool to 4''C 
(ice in cooler) 

Cool to 4°C 
(ice in cooler) 

Cool to 4''C 
(ice in cooler) 

Add HCl until 
pH <2 and cool 
to 4° (ice in 
cooler) 
Cool to 4°C 
(ice in cooler) 

Cool to 4°C 
(ice in cooler) 

Cool to 4°C 
(ice in cooler) 

Add HNO3 
until pH <2 and 
cool to 4°C (ice 
in cooler) 
Add NaOH 
untilpH>12 
and cool to 4°C 
(ice in cooler) 
Cool to 4°C 
(ice in cooler) 

Add H2SO4 
until pH <2 and 
cool to 4°C (ice 
in cooler) 
Add H2SO4 
until pH <2 and 
cool to 4°C (ice 
in cooler) 
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Table 8-2 Standard Sampling Holding Times, Preservation Methods, and Volume Requirements 
Protocol 

Parameter 
Holdina Time 

Soil Water 
Minimum Volume Reauired 

Soil Water 
Container T\ 

Soil Water 
Preservation 

Soil Water 

00 

Total Recoverable 
Petroleum Hydrocar­
bons' 

28 days from 
date sampled 

28 days from 
date sampled 

50 g I L 8-oz. glass jar 
vvith Teflon-
lined cap 

1-L amber 
glass bottle 

Cool to 4°C 
(ice in cooler) 

Add H2SO4 
until pH <2 and 
cool to 4°C (ice 
in cooler) 

EPA-CLP 
VOA' 

Semi-VOA (BNAs)' 

PCBs"' 

Pesticides/PCBs"' 

Metals' 

Cyanide' 

10 days from 
date received 

10 days to ex­
tract from date 
received 
10 days to ex­
tract from date 
received 
10 days to ex­
tract from date 
received 
6 months from 
date sampled 

12 days from 
date received 

10 days from 
date received 

5 days to ex­
tract from date 
received 
5 days to ex­
tract from date 
received 
5 days to ex­
tract from date 
received 
6 months from 
date sampled 

12 days from 
date received 

15g 

30 g 

30 g 

30 g 

10 g 

lOg 

One 40-mL 
vial; no air 
space 

I L 

I L 

1 L 

300 mL 

100 mL 

Two 40-mL 
vials; no air 
space 

8-oz. glass jar 
with Teflon-
lined cap 
4-oz. glass jar 
with Teflon-
lined cap 
8-oz. glass jar 
with Teflon-
lined cap 
8-oz. glass jar 
with Teflon-
lined cap 

8-oz. glass jar 
vvith Teflon-
lined cap 

Two 40-mL 
vials; no air 
space 

'/2-gallon am­
ber glass bottle 

'/2-gallon am­
ber glass bottle 

'/2-gallon am­
ber glass bottle 

1-L polyethyl­
ene bottle with 
polyethylene-
lined cap 
1-L polyethyl­
ene bottle with 
polyethylene-
lined cap 

Cool to 4°C 
(ice in cooler) 

Cool to 4°C 
(ice in cooler) 

Cool to 4°C 
(ice in cooler) 

Cool to 4°C 
(ice in cooler) 

Cool to 4°C 
(ice in cooler) 

Cool to 4''C 
(ice in cooler) 

Add HCl until 
pH <2 and cool 
to 4°C (ice in 
cooler) 
Cool to 4°C 
(ice in cooler) 

Cool to 4°C 
(ice in cooler) 

Cool to 4°C 
(ice in cooler) 

Add HNO3 to 
pH <2 and cool 
to 4°C (ice in 
cooler) 
Add NaOH to 
pH >12 and 
cool to 4°C (ice 
in cooler) 

NYSDEC-CLP 
VOA' 

Semi-VOA (BNAs)' 

7 days from 
date received 

5 days to ex­
tract from date 
received 

10 days from 
date received 

5 days to ex­
tract from date 
received 

15g 

30 g 

One 40-mL 
vial; no air 
space 

I L 

Two 40-mL 
vials; no air 
space 

8-oz. glass jar 
with Teflon-
lined cap 

Two 40-mL 
vials; no air 
space 

'/2-gallon am­
ber glass bottle 

Cool to 4''C 
(ice in cooler) 

Cool to 4'=C 
(ice in cooler) 

Add HCl until 
pH <2 and cool 
to 4°C (ice in 
cooler) 
Cool to 4'=C 
(ice in cooler) 

m 
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Table 8-2 Standard Sampling Holding Times, Preservation Methods, and Volume Requirements 

•o 

Protocol 
Parameter 

Holding Time 
Soil 1 Water 

Minimum Volume Required 
Soil Water 

Cohtainer Type r 
Soil Water 

s.iVfipresiervation 
SSdilv r; Water 

PCBs"' 

Pesticides/PCBs"' 

Metals' 

Cyanide' 

5 days to ex­
tract from date 
received 
5 days to ex­
tract from date 
received 
6 months from 
date sampled 

12 days from 
date received 

5 days to ex­
tract from date 
received 
5 days to ex­
tract from date 
received 
6 months from 
date sampled 

12 days from 
date received 

30 g 

30 g 

lOg 

10 g 

1 L 

1 L 

300 mL 

100 mL 

4-oz. glass jar 
with Teflon-
lined cap 
8-oz. glass jar 
with Teflon-
lined cap 
8-oz. glass jar 
with Teflon-
lined cap 

8-oz. glass jar 
with Teflon-
lined cap 

'/2-gallon am­
ber glass bottle 

'/2-gallon am­
ber glass bottle 

1-L polyethyl­
ene bottle with 
polyethylene-
lined cap 
1-L polyethyl­
ene bottle with 
polyethylene-
lined cap 

Cool to 4°C 
(ice in cooler) 

Cool to 4'>C 
(ice in cooler) 

Cool to 4'>C 
(ice in cooler) 

Cool to 4°C 
(ice in cooler) 

Cool to 4°C 
(ice in cooler) 

Cool to 4''C 
(ice in cooler) 

Add HNO3 to 
pH <2 and cool 
to 4°C (ice in 
cooler) 
Add NaOH to 
pH>12and 
cool to 4''C (ice 
in cooler) 

EPA Water and Waste 
Total Dissolved 
Solids (TDS) 

NA 7 days from 
date sampled 

NA 200 mL NA 1-L polyethyl­
ene bottle with 
polyethylene-
lined cap 

NA Cool to 4°C 
(ice in cooler) 

Note: All sample bottles w\\ be prepared in accordance with EPA bottle-washing procedures. These procedures are incorporated in E & E's Laborator>' and Field Personnel 
Chain-of-Custody Documentation and Quality Assurance/Quality Control Procedures Manual, July 1987. 

" Technical requirements for sample holding times have been established for water matrices only. However, they are also suggested for use as guidelines in evaluating soil 
data. 

"" Holding time for GC/MS analysis is 7 days if samples are not preserved. 
' Maximum holding time for mercur>' is 28 days from time sampled. 
'' If one container has already been collected for PCB analysis, then only one additional container need be collected for extractable organic, BNA, or pesticides/PCB analysis. 
° Extra containers required for MS/MSD. 

Key: 

m 

CO 

NA = Not applicable. 



8.4.5 Compositing Samples 

Compositing is the process of physically combining and homogenizing several individual 
soil aliquots ofthe same voltime or weight. Compositing samples provides an average concen­
fration of contaminants over a certain number of sampling points. Compositing dilutes high-
concenfration aliquots; therefore, detection limits should be reduced accordingly. If the compos­
ite area is heterogeneous in concenfration and its composite value is to be compared to a particu­
lar action level, then that action level must be divided by the total number of aliquots making up 
the composite for accurate determination of the detection limit. 

8.4.6 Splitting Samples 

Splitting samples (after preparation) is performed when multiple portions ofthe same 
samples are required to be analyzed separately. Fill the sample containers simultaneously with 
altemate spoonfiils ofthe homogenized sample (see Figure 8-7). 

8.5 Post-Operations 

8.5.1 Field 

Decontaminate all equipment according to E & E's SOP for Sampling Equipment Decon­
tamination, (see ENV 3.15). 

8.5.2 Office 

Organize field notes into a report format and fransfer logging information to appropriate 
forms. 

9. Calculations 

There are no specific calculations required for these procedures. 

10. Quality Assurance/Quality Control 

The objective of QA/QC is to identify and implement methodologies that limit the intro­
duction of error into sampling and analytical procedures. 
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Step 1: Step 2: 

' Cone Sample on hard, clean surface • Quarter after flattening cone 
• Mix by forming new cone 

Step 4: 

Step 3: 

• Divide sample into quarters 

• Remix opposite quarters 
• Reform cone 
• Repeat a minimum ot 5 times *«« ' • '^STM Standard 0702-87 

Figure 8-7 Quartering to Homogenized and Split Samples 

10.1 Sampling Documentation 

10.1.1 Soil Sample Label 

All soil samples shaU be documented in accordance with E & E's SOP for Sample Pack­
aging and Shipping (see ENV 3.16). The soil sample label is fiUed out prior to collecting the 
sample and should contain the following: 

1. Site name or identification. 

2. Sample location and identifier. 

3. Date samples were collected in a day, month, year format (e.g., 03 Jan 88 for January 
3, 1988). 

4. Time of sample collection, using 24-hour clock in the hours:minutes format. 

5. Sample depth interval. Units used for depths should be in feet and tenths of feet. 

6. Preservatives used, ifany. 

7. Analysis required. 
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8. Sampling personnel. 

9. Comments and other relevant observations (e.g., color, odor, sample technique). 

10.1.2 Logbook 

A bound field notebook will be maintained by field personnel to record daily activities, 
including sample collection and tracking information. A separate entry will be made for each 
sample coUected. These entries should include information fi'om the sample label and a com­
plete physical description of the soil sample, including texture, color (including notation of soil 
mottling), consistency, moisture content, cementation, and structure. 

10.1.3 Chain of Custody 

Use the chain-of-custody form to document the types and numbers of soil samples col­
lected and logged. Refer to E & E's SOP for Sample Packaging and Shipping (see ENV 3.16) 
for directions on filling out this form. 

10.2 Sampling Design 

1. Sampling situations vary widely; thus, no universal sampling procedure can be rec­
ommended. However, a Sampling Plan should be implemented before any sampling 
operation is attempted, with attention paid to contaminant type and potential concen­
fration variations. 

2. Any ofthe sampling methods described here should allow a representative soil sam­
ple to be obtained, if the Sampling Plan is properly designed. 

3. Consideration must also be given to the coUection ofa sample representative ofall 
horizons present in the soil. Selection ofthe proper sampler will facilitate this pro­
cedure. 

4. A stringent QA Project Plan should be outlined before any sampling operation is at­
tempted. This should include, but not be limited to, properly cleaned samplers and 
sample containers, appropriate sample coUection procedures, chain-of-custody pro­
cedures, and QA/QC samples. 

11. Data Validation 

The data generated will be reviewed according to the QA/QC considerations that are 
identified in Section 10. 
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11.1 Quality Assurance/Quality Control Samples 

QA/QC samples are used to identify error due to sampling and/or analytical methodolo­
gies and chain-of-custody procedures. 

11.1.1 Field Duplicates (Replicates) 

Field duplicates are collected from one location and freated as separate samples through­
out the sample handling and anal3^ical processes. These samples are used to assess total error 
for critical samples with contaminant concenfrations near the action level. 

11.1.2 Collocated Samples 

Collocated samples are generally collected 1.5 to 3.0 feet away from selected field sam­
ples to determine both local soil and contaminant variations on site. These samples are used to 
evaluate site variation within the immediate vicinity of sample collection. 

11.1.3 Background Samples 

Background or "clean" samples are collected from an area upgradient from the contami­
nation area and representative of the typical conditions. These samples provide a standard for 
comparison of on-site contaminant concentration levels. 

11.1.4 Rinsate (Equipment) Blanks 

Rinsate blanks are collected by pouring analyte-free water (i.e., laboratory de-ionized wa­
ter) on decontaminated sampling equipment to test for residual contamination. These samples 
are used to assess potential cross contamination due to improper decontamination procedures. 

11.1.5 Performance Evaluation Samples 

Performance evaluation samples are generally prepared by a third party, using a quantity 
of analyte(s) known to the preparer but unknown to the laboratory. The percentage of analyte(s) 
identified in the sample is used to evaluate laboratory procedural error. 

11.1.6 Matrix Spike/Matrix Spike Duplicates (MS/MSDs) 

MS/MSD samples are spiked in the laboratory with a known quantity of analyte(s) to 
confirm percent recoveries. They are primarily used to check sample matrix interferences. 

11.1.7 Field Blanks 

Field blanks are prepared in the field with certified clean sand, soil, or water. These 
samples are used to evaluate contamination error associated with sampling methodology and 
laboratory procedures. 
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11.1.8 Trip Blanks 

Trip blanks are prepared prior to going into the field using certified clean sand, soil, or 
water. These samples are used to assess error associated with sampling methodology and ana­
lytical procedures for volatile organics. 

12. Health and Safety 

12.1 Hazards Associated with On-Site Contaminants 

Depending on site-specific contaminants, various protective programs must be imple­
mented prior to soil sampling. The site Health and Safety Plan should be reviewed with specific 
emphasis placed on a protection program planned for direct-contact tasks. Standard safe operat­
ing practices should be followed, including minimization of contact with potential contaminants 
in both the vapor phase and solid matrix by using both respirators and disposable clothing. 

Use appropriate safe work practices for the type of contaminant expected (or determined 
from previous sampling efforts): 

• Particulate or Metals Contaminants 
- Avoid skin contact with, and ingestion of, soils and dusts. 
- Use protective gloves. 

• Volatile Organic Contaminants 
- Pre-survey the site with an HNu 101 or OVA 128 prior to collecting soil samples. 

If monitoring results indicate organic constituents, sampling activities may be 
conducted in Level C protection. At a minimum, skin protection will be afforded by 
disposable protective clothing. 
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27 



iENV3.13 _ i |B i ia i lHa!S iAugust1997 

C SPLIT-SPOON SAMPLER 

rm^ 
Adapter 
Heati 

Waste 
Bairel 

Steal 
Check Ban 

rOX). 

Spm 
Sample 
Bate: 

Drive 
Shoe 

1 

O' 
o-

y/, ' 

Four Vem Hole 
" vt' Diameier 

IB" 

y 

28 



MEASURING WATER LEVEL AND WELL DEPTH J i 

GEO 4.15 

Revised I March 1998 
-^1 

MEASURING WATER LEVEL AND 
WELL DEPTH 

© 1998 Ecology and Environment, Inc. 

ecology and environment, inc. 
368 Pleasant View Drive / Lancaster, New York 14086 / (716) 684-8060 



TITLE: 

CATEGORY: 

{MEASURING WATER LEVEL AND WELL DEPTH jf 

I GEO 4.15 REVISED: J March 1998 

: : T ^ ^ ^ ^ S ^ ^ ^ S ^ S ^ S ^ ^ S ^ ^ K ^ § m m : : ^ s ^ s ^ s ^ . 

a 

None of the information contamed iii this Ecology and Environment, Inc , 
(E & E) publication is to be construed as grantmg any nght, by implication 
or otherwise, for the manufactiire, sale, or use m connection with any 
method, apparatus, or product covered by lelters patent, nor as ensurmg any­
one agamst hability for infringement of letters patent _ ^ ., ^ -

Anyone wishmg-to use this E & E publication should fiist seek permission 
fiom the company Every effort has been made by E & E to ensure the accu­
racy and rehabihty ofthe information contained in the document, however, 
the company makes no representations, warranty, or guarantee in connection 
with this E & E publication and hereby expressly disclamis any liability or 
responsibUity for loss or damage resultmg from its use„for any violation of 
any federal, state, or municipal re'gulation with which this E & E publication 
may conflict,vOr for the infringement ofany patent resulting from the use of 
the E & E publication ~ „ -

r '̂itss^/^s^i'-^.i'.'.i •-rvfs:': 



:: 
- • 

, . : , , - , , V . - . - . - - > . . . - „ . . . . '• - . . : . . ; • . . • - , - - . ' . - , • . , • • ^ - I ^ • - . • . . . 

TITLE: ; MEASURING WATER LEVEL AND WELL DEPTH 
^7r~:r; 5 i ^ : " i n ^ ^ ' ^ ; ^ . v i " B S - ' - - • : • -, - - , - . - ; - " - ' „^ }^ i - / ' ; ' : ; "f-" ~ •- - -- . .-'— ' . - = • _ - . -._-. •• • • -

CATEGORY: 
: ' • : ' • 

:1 GEO 4.15 [ REVISED: March 1998 
' - " . • , • ' • ' . ' " ' * ; " • ' . - " - ~ - _ ~ - ' . . . . i : ^ . _ _ . . . : T - . ^ , ' ; . , • . • • • . . " ' - ^ . - • , - - - . . • - - _ -

r 
'i-

TABLE OF CONTENTS 

Section Page 

1. Inttoduction 1 

2. Equipment 1 

3. Procedure 1 

3.1 Preliminary Steps 1 

3.2 Operation 2 

3.3 Data Recording and Manipulation 2 

4. Calibration 3 

5. Precautions 3 

111 



•. -^'^-.^^-tj^'y-Kgii 

TITLE: 

CATEGORY: 

i MEASURING WATER LEVEL AND WELL DEPTH 

GEO 4.15 REVISED: |̂ {MarchJ998 

1. Introduction 

This document describes E & E's standard operating procedure (SOP) for measuring wa­
ter level and well depth in monitoring wells and piezometers. 

2. Equipment 

The following is a list of equipment and items typically used for measuring water level 
and well depth: 

• Electtonic water level indicator with graduated cable measured at increments of 0.1 
and 0.01 foot; 

a Plastic sheeting; and 

• Folding ruler or pocket steel tape. 

3. Procedure 

3.1 Preliminary Steps 

1. Locate the well or piezometer and verify its position on the site map. Record whether posi­
tive identification was obtained, including the well number and any identifying marks or codes 
contained on the well casing or protective casing. Gain access to the top ofthe well casing and 
note the date and time the well was opened. If specified in the work plan or site health and 
safety plan, use monitoring equipment to measure or take readings ofthe well headspace. Re­
cord all measurements and observations (e.g., odor). 

2. Locate and record the specified benchmark or survey point for the well or piezometer, which 
may be a mark at the top ofthe casing or a surveyor's pin embedded in the protective structure. 
Determine the elevation of this point from the records and record in the notebook. Measure and 
record the vertical distance from the benchmark to the top ofthe well casing to the nearest 0.01 
foot. Measure and record the metal casing stickup (i.e., the distance between the top ofthe cas­
ing and nominal ground level). 
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3. Record any observations and remarks regarding the completion characteristics and well 
condition, including evidence of cracked casing or surface seals, security ofthe well (locked 
cap), and evidence of tampering. 

4. Keep all equipment and supplies protected from contamination with clean plastic sheeting. 
Keep the water level indicator probe in its protective case when not in use. 

3.2 Operation 

1. Remove the water level indicator probe from the case, tum on the sounder, and test-check the 
battery and sensitivity scale by pushing the red button. Adjust the sensitivity scale until you can 
hear the buzzer and see the red indicator light. 

2. Slowly lower the probe and cable into the well, allowing the cable reel to unwind. Continue 
lowering until the meter buzzes. Raise and lower the probe very slowly until the meter begins to 
buzz continuously. Mark the spot by grasping the cable with the thumb and forefingers at the top 
of the casing, withdraw the cable, and record the depth. 

3. To measure the total well or piezometer depth, lower the probe until slack is felt in the cable. 
Very slowly raise and lower the cable until the exact bottom of the well is detected. As before, 
grasp the cable with the thumb and forefinger at the top ofthe casing and note the depth. Ifa 
water level probe, such as the Solinst, is used to measure total depth, the weight of the probe will 
likely extend approximately 6 centimeters beyond the calibrated "zero" point ofthe rrieasuring 
cable. If this is the case, use the cable to accurately measure the distance from the end ofthe 
weight to the point of the needle (in the "window" of the probe) and add this length to the depth 
noted above. Record the sum of these two lengths as tiie total depth ofthe well. 

4. Withdraw the cable and probe, and decontaminate according to the SOP for Equipment De­
contamination (ENV 3.15). 

3.3 Data Recording and IVIanipulation 

Record the following computations: 

• Casing elevation = bench mark elevation + casing stickup 

• Water level elevation = casing elevation - depth of water 

• Well bottom elevation = casing elevation - depth to bottom 

• Total well depth = cable-measured depth + length ofthe weight extension 
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4. Calibration 

No caUbration is needed for the electtonic water level indicator. 

5. Precautions 

Because some casings have rough or sharp edges, use caution when lowering and retriev­
ing the water level cable from within the well casing. These edges can cut and scrape the cable, 
obscuring the calibrated markings on the cable, and can eventually lead to failure (shorting out) 
of the electronic cable. 

Always use caution when opening capped wells, because escaping (venting) headspace 
gases may be hazardous. 
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^S'hPA USEPA Contract Laboratory Program 
Inorganic Traffic Report & Chain of Custody Record 

2. Region: 

Account Code: 

CERCLIS ID : 

Spill ID : 

Site Name/State: 

Project Leader: 

Action: 

Sampling Co.: 

5. 
INORGANIC 
SAMPLE No. 

-

6. 
MATRIX/ 
SAMPLER 

14. Shipment for Case 
Complete? 

18. Analysis Key: 

7. 
TYPE 

3. Date Shipped: 

Carrier Name: 

Airbi l l : 

Shipped To: 

8. 
ANALYSIS/ 

TURNAROUND 

1. Case No.: _ ^ 

DAS No.: I l ^ 

4. Chain of Custody Record 

Relinquished By: (Date/Time) 

1) 

2) 

3) 

1) 

9. 
TAG No. / 

PRESERVATIVE/Botties 

15. Sample(s) to be used for laboratory QC: 

10. 
STATION 

LOCATION 

11 . 
SAMPLE COLLECT 

DATE/TIME 

Sampler Signature: 

Received By: (Oate/Time) 

12. 
ORGANIC 

SAMPLE No. 

13. 
QCType 

16. Additional Sampler Signature(s): 17. Chain of Custody Seal Number: 

Type: Comp, Grab (from Box 7) 19. Shipment Iced? 

20. TR Number: 
PR provides preliminary results. Requests for preliminary results will increase analytical costs. 
Send Copy to : Sample Management Office, 2000 Edmund Haliey Dr., Reston, VA 20191-3400 Phone 703/264-9348 Fax 703/264-9222 
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«bPA USEPA Contract Laboratory Program 
Organic Traffic Report & Chain of Custody Record 

2. Region: 

Project Code: 

Account Code: 

CERCUS ID: 

Spilt ID : 

Site Name/State: 

Project Leader: 

Action: 

Sampling Co.: 

5. 
ORGANIC 

SAMPLE No. 

6. 
MATRIX/ 
SAMPLER 

14. Shipment for Case 
Complete? 

18. Analysis Key: 

7. 
TYPE 

3. Oate Shipped: 

Carrier Name: 

Airbi l l : 

Shipped To: 

8. 
ANALYSIS/ 

TURNAROUND 

1. Case No.: _ ^ 

DAS No.: % ^ 

4. Chain of Custody Record 

Relinquished By: (Date/Time] 

») 
2) 

3) 

4) 

9. 
TAG No./ 

PRESERVATIVE/Botties 

15. Sample(s) to be used for laboratory QC: 

10. 
STATION 

LOCATION 

11. 
SAMPLE COLLECT 

DATE/TIME 

Sampler Signature: 

Received By: (Date/Time) 

12. 
INORGANIC 
SAMPLE No. 

13. 
QC Type 

16. Additional Sampler Signature(s): 17. Chain of Custody Seal Number: 

Type: Comp, Grab (from Box 7) 19. Shipment Iced? 

2 0 . TR N u m b e r : 

PR provides preliminary results. Requests for preliminary results wi l l increase analytical costs. 
Send Copy to: Sample Management Office, 2000 Edmund Hailey Dr., Reston, VA 20191-3400 Phone 703/264-9348 Fax 703/264-9222 Page o f— 
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Sample Plan Alteration Form 



SAMPLE PLAN ALTERATION FORM 

Project Name and Number 

Material to be Sampled: 

Measurement Parameters: 

Standard Procedure for Field Collection & Laboratory Analysis (cite references): 

Reason for Change in Field Procedure of Analytical Variation: 

Variation from Field or Analytical Procedure: 

Special Equipment, Materials, or Personnel Required: 

CONTACT 

Initiator: 

START PL: 

EPA TM: 

EPA QA Officer: 

APPROVED SIGNATURE ' DATE 




